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Only the Picker Magnascanner® is so de- 
signed that its standard three-inch diam- 
eter crystal Ultraprobe can be replaced at 
any time by the five-inch diameter crystal 
Pentaprobe without any modification to 
the scanning mechanism. 






The larger crystal of the Pentaprobe re- 
sults in greater efficiency and/or longer 
focal distance on the collimator. 





the versatile scanner / the proven scanner 


PICKER NUCLEAR 
DIVISION f PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 


MEDOPAQUE — The medium of choice in hysterosalpingo- 


graphy, cholangiography (operative and t-tube), biliary ducts, 


fistulous tracts, postoperative empyemic cavities and soft tissue 
sinuses. 





Aqueous and viscous, Medopaque is absorbed completely from 
serous and mucous surfaces, in 45 minutes to an hour following 
instillation. Presents no problems of residual contrast medium 
in body cavities or interference with subsequent examinations. 


Non-toxic in the event of intravasation, Medopaque is completely 


safe if refluxed into the vascular system. 





Medopaque is miscible with body secretions, wets and spreads 
well without droplet formation. Visualization is optimal, net 
iodine content comprising 20%, w/v. Supplied sterile in 10cc. 
vials, rubber-stoppered and metal-sealed. 

Medopaque contains 85% sodium ortho-iodohippurate, 10% 
sodium iodide, with added stabilizer, preservatives and a blend 


of polyethylene glycols. 


BELL-CRAIG, inc. 


41-14 27th Street L.I.C., N. Y. 11101 
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same day re-examination 
in oral cholecystography 


obviously practical, but... 
diagnostically valuable ? 





NSATISFACTORY opacification after routine cholecystog- 

raphy doesn't necessarily mean the gallbladder is 
diseased. Poor absorption of the contrast agent from the 
gastrointestinal tract, or the inability of the liver to conjugate 
and excrete it, might just as well be the cause.' 


‘Nonopacification’ is not a condition you can treat 
To determine the cause of nonopacification, most physicians 
request re-examination. There are two ways this has been 
done by the oral route in the past: 


è by starting all over again at a later date — and sometimes 
doubling the dose of contrast agent on the second try; 

e by administering more contrast agent the evening of the 
first unsuccessful examination (and, again, sometimes 
doubling the dose) and repeating the study the following 
day. 

Both these methods share two inherent disadvantages. They 
take a good deal of time, and they require the patient to 
take a good deal of oral contrast agent. The amount given 
assumes Clinical importance because it has been reported 
higher doses may result in considerable patient discomfort 
because of diarrhea and other significant side effects.! 


Recently its been demonstrated, however. that the use of 
Oragrafin Calcium (Squibb Calcium Ipodate) permits re- 
peat films with significant cuts in both time and total dosage. 


Oragrafin Calcium—absorbed so rapidly you can 
re-examine the same day 


“The advantage of the calcium ipodate method is that the 
examination can be completed in five additional hours with 
a limited cose of contrast agent.”! 


The merhed is as productive as it is simple. If the initial 
opacification is unsatisfactory, the patient is given 3 Gm. 


ORAGRARIN 


SQUIBB IPODATE 


for routine or rapid cholecystography 








of calcium ipodate. Films are repeated 5 hours later. Her 
the -esults of a recently published study om same day 
examination using Oragrafin Calcium: ! . 


+ 





ANALYSIS OF ORAGRAFIN CALCIUM REENFORCEMENT 
IN 76 CASES OF UNSATISFACTORY INITIAL OPACIFICATION 


NORMAL 





l ;: Normat by present criteria 2! 
Fositive information 24} ie ; 


Abnormal gallbladder (by inference) 52 — 
€orrelation of x-ray findings and surgical data was excellent. Be 


cause many patients were elderly or had complications contraindicat 
ing it, surgery was performed in only 13 cases, with these results 


“tone — 6; Liver metastases — 3; Carcinoma of pancreas — 1; Carcin 
ema of gallbladder — 1; Cirrhosis — 1; Normal — 1 


snnninnmereersd herttainen pamana: mereri apran AA airaa m Ae 


Had the initial failure of opacification been assumed t 
due to gallbladder disease, the 20 patients (26% ) fe 
normal by re-examination might have been erronec 
diagnosed and might have undergone unnecessary surg 


“Same day re-enforcement oral cholecystography utili 
calciam ipodate ... is a rapid, accurate, low-dose metho 
obtaining additional information about a gallbladder w 
is umsatisfactorily opacified following routine cholecys 
ra chy”! 


There are other advantages to such rapid absorption. } 
w.thout prior preparation of the patient, both cholang 
raphy and cholecystography can be performed on the s 
day. Optimal concentration in the hepatic and biliary ¢ 
usuaily occurs within 1 to 3 hours. Although the gallbla 
is optimally opacified approximately 10 hours after inges 
of Oragrafin, diagnostically valuable information can c 
be obtained within 5 hours or less. 


Dosage and Administration: For oral combined cholangiography 
choleeystography: Same day — Oragrafin Calcium Granules — 2 p 
| hoar before initiating examination. Overnight -- Oragrafin Ca 
Granules—1 packet or Oragrafin Sodium Capsules (Squibb Sodium 
dare) — 6 capsules 10 to 12 hours before radiography, plus an addit 
paske: of Granules one hour before examination, 


Suppiy: Oragrafin Calcium Granules — single-dose foil packets of 3 
of calcium ipodate granules, providing 61.7% iodine content. Ora; 
Sodium Capsules — 0.5 Gm. sodium ipodate per capsule, providing 6. 
iocine content. 


Centraindications: Contraindicated for persons sensitive to oral f 
compounds or for patients with combined renal and hepatic disea 
severe kidney impairment. Gastrointestinal disorders (which may . 
in inadeguate biliary secretion of medium) often impair visualizatic 


Side Effects and Precautions: Both calcium and sodium tpodat 
usaally well tolerated. Mild and transient nausea, vomiting, or dia 
sometimes occur; but the incidence can be reduced by using the cal 
Graneles and restricting the dosage to 3 Gm, 


Hypersensitivity reactions may include urticaria, serum sicknes 
reactions (fever, rash, arthralgia), other skin reactions, and rarely 
phylactoid shock. They are more likely to occur in the individual w 
hypersensitivity diathesis. Antihistamines and corticosteroids are us 
coatrel these side effects, but the occasional serious anaphylactoid reac 
require the immediate use of epinephrine or phenylephrine, oxygen 
intravenous corticosteroids. For full information see Package Insert. 
Reference: |. Crummy, A. B.: Wisconsin M. J.: 65:84, 1966, 
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... AND IN MANY CASES AT LOWER COST, TOO! 


e compatibility with roller-type processers + high contrast image 


- low fog level - designed for high KV radiography 


BROCHURE ON REQUEST 


PYNE > : CRAY CORPORATION 


U. S. Distributors of FUJI EX Film 
110 East 42nd Street, New York N.Y. 10017 
Warehoused in New York ane Chicago 


<ai> 
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You're not that smart! Now anybody can 
process Cine film, automatically, in 3 minutes, 
without tieing up the large processor. 





The new Naca Film Processor solves scheduling 
problems in your film developing department. 
For example, you don’t have to tie up your 
large processor for small jobs or odd-ball sizes. 
And there’re other benefits: 


Fast. Completely processed film is ready to read 
in 3 to 12 minutes. 


Simple to operate. Just flip three switches and 
let her run. 


Versatile. Processes 16mm, 35mm, 70mm, and 
90mm cine film; occlusal film; dental film. Cut 
and roll films up to five inches wide in lengths 
up to 100 ft. 


No installation problems. Weight: only 45 pounds. 
Size: just 20” x 15” x 11%”, Requires no 


Vill 


~ 


special plumbing and works on any AC outlet. 
Low Price. You won't believe it. 


So who’s smart? Show your technicians by con- 
tacting your local supplier — or write us for 
descriptive brochure and price sheets on the 
new Naca Film Processor. 


Distributed by 
THE AUTOMATIC SERIOGRAPH CORPORATION 


DIVISION OF LITTON INDUSTRIES 
Box 5000, Des Plaines, Illinois 60018 


[B 


JUDGED AMONG THE FINEST 

1n gold, enamel, pearls, the Rospigliosi Cup, exquisi 
> masterwork of Benvenuto Cellini, ranks with the b 

decorative pieces of the Renaissance. Today, researc 


development and dedication make Gevaert medic 
X -ray film one of the best you can buy...or use! 


GEVAERT 


X-RAY FILM 


Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 
Atlanta « Chicago • Houston e Los Angeles 
Nationwide Warehousing 








LIEBEL-FLARSHEIM 






oo . — The new moderately-priced 
a I o = Utilex Urological Table is de- 
signed to bring new conven- 
ience, flexibility and utility to 
the procedures of urological 
radiography, cystoscopy and 
transurethral surgery. 


Available in 
gray-white or e 
jade green finish ~ 


*Trademark of Liebel-Flarsheim Company 


PREMIER SHOWING—Booths 119 and 120, Radiological Society of North 
America Convention, Palmer House, Chicago, November 27 through Decem- 
ber 1, 1966. 


1967 SHOWINGS—National and Sectional! Urological Conventions and Radio- 
logical and Roentgen Ray Conventions. 


For descriptive brochure and further information, contact your x-ray equip- 
ment supplier or write to— 


LIEBEL-FLARSHEIM COMPANY 
[5 CINCINNATI, OHIO 45215 
A DIVISION OF RITTER PFAUDLER CORPORATION 


= X-ray negatives 
at your fingertips! 











Film Storage 
Units 


Modern, attractive and convenient Storage 
for standard 14 x 17 envelopes. 


Available in 3 heights (4, 5, 6, openings) 


Send coupon 


for complete details VISI-SHELF FILE INC. 


105 Chambers Street 
New York, N.Y. 10007 


age Units. 


| 
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| 
FILE INC. | = 
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Please send complete details on Visi-Shelf X-Ray Film Stor- | 


Address = Se ee 
105 CHAMBERS STREET 


NEW YORK, N.Y. 10007 
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HALSEY 
RIGIDFORM 


The ideal cassette for 
average use .. . rugged 
and precise . . . sets the 
standard of perform- 
ance for its class. 





HALSEY 


WAFER 
The thin, lightweight 
cassette — almost 30% 
thinner, 20% lighter 
than conventional 
models—yet is actually 
more rugged! 





HALSEY 
TITAN 


Most rugged cassette of 
all — cesigned to stand 
up under service which 
would destroy contact 
or alignment in an ordi- 
nary cassette...A 
must for heavy-duty 
conditions! 


Color-coded phototiming and grid models 
available for all types; write for litera- 
ture on the complete Halsey Cassette line. 


VISIT US AT THE 
R.S.N.A. Show 
Nov. 27 to Dec. 2 
Booth Nos. 40-44 
Palmer House, Chicago 





PROVEN 
PERFORMANCE! 


ELDORADO 
AND THERATRON 


Accumulated experience amd successful operations 
during 15 years, with more than 500 installations in 
47 countries, establishes the record of quality and 
reliability of the cobalt 60 teletherapy units designed 
and constructed by AECL. 


We would like to tell you more — we would like to 
give you facts, figures and specifications. We have 
representatives all over the world. Write for full 
information. 


ATOMIC ENERGY OF CANADA LIMITED 


Commercial Products - PO. Box 93 - Ottawa » Canada 
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harmaceuticals 


\INKING CHEMISTRY TO MEDICINE ' 





CYSTOKON 


the first contrast medium 
tailor-made: 


for CYSTOGRAPHY 


all you add Is the infusion set- 


E premixed—no powders to measure, no media to mix and dilute 
E presterilized—no bottles to clean, sterilize or autoclave 
Œ easily administered by gravity flow or other instillation techniques 


ra ee mwm L. ntslan P A adantankhla tn waAnanlhuraic cata 


SODIUM ACETRIZOATE 30%) 


Unsurpassed as a safe, efficient, economical 
contrast agent 


Well tolerated by urinary tract mucosa High iodine 
content for maximum contrast with minimum salt con- 
centration Rapidly diffused in the urine for homoge- 
neous opacification No waste—30-50% lower cost 
than comparable quantities of other commonly employed 
agents 


Three bottle sizes for more flexible dosage and 
volume ranges 


250 ml. single-dose, disposable bottle (shown at left) 
ready to use full strength for most cases 


500 ml. dilution-unit bottle holding 250 ml. Cystokon 
ready for dilution to desired concentrations from 30% 
to 15% 


100 ml. multiple-dose vial to provide further concentra- 
tion and volume flexibility 





Descr ption: Cystokon is a sterile aqueous solution containing 30% 
w/w of the sodium salt of 3-acetamido-2,4,6-triiodobenzoic acid. 
Each ml. contains 0.3 Gm. sodium acetrizoate (0.2 Gm., iodine), not 
more than 0.05 mg. calcium disodium ethylenediaminetetraacetate 
as a stabilizer, and not more than 0.15 mg. sodium phosphate as a 
buffer. The pH of the solution is adjusted to within 7.0 to 7.4. Since 
the solution itself will not support bacterial growth, additional bac- 
teriostetic agents have not been added. The solution is somewhat 
sensitive to light and must be protected from strong daylight or 
direct exposure to the sun. 


Clinical Application: Cystokon is prepared and packaged specifi- 
cally for cystography and retrograde pyelography. It may be employed 
in simole retrograde cystography and pyelography, voiding cys- 
tourethrography, delayed cystography and other appropriate modi- 
ficatiors of these techniques. 


Contraindications and Side Effects: No evidence of irritation 
or toxicity to the urinary tract mucosa has been reported with Cystokon. 
However, minor side reactions associated with the procedure, e.g., 
nausea vomiting, pain, salivation and sweating, may be encountered 
in rare instances, Certain pathologic conditions may, in the judgment 
of the attending physician, contraindicate retrograde pyelography 
and cystography, 
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MALLINCKRODT CHEMICAL WÔRKS 


Du Pont 
focuses 
its science 


and energ 
on 


Diagnostic 
Clariy 
























ng Proof: 
our Technical Representativ 


four Du Pont TR is dedicated to Diagnostic Clarity. 


He is trained to respond almost instinctively to the 
needs of radiologists and their technologists, 
particularly in helping them see what they want to see. 


That response takes many farms: 


... Instructing residents in fundamentals of 
intensifying screen technology, for example. 


... bringing innovations firsthand to 
student technologists, which happened most 
recently with the Du Pont Bit System 
of technic conversion. 


... actually rolling up his sleeves and working 
with your staff, as in the case of the TRs 
who have helped convert automatic processors 
to the Double Capacity system. 


In these, and many less conspicuous ways, 
your Du Pont Technical Representative is living proof 
of our focus on Diagnostic Clarity. 
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DONT CRONEX® X-ray Products 
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| Someday soon 


rectilinear scanners 


will be obsolete. 





This is the new Pho/Gamma® III Scintillation 
Camera equipped for positron tomography. 


Someday is a 
little closer. 


Pho/Gamma—clinically proved for rapid, sensitive 
isotope visualization in vivo. For both static and dynamic 
studies. And now—the new Pho/Gamma III. 

Even more data from Pho/Gamma III, even more 
easily. Simultaneous recording and monitoring with two 
oscilloscopes. Visual adjustment of isotope peaks. Elec- 
tronic splitting of detector output for kidney-function 
studies. Front-panel programming for fast-sequence 
cameras. Convenient desk-console housing all electronics, 
including the two scopes, and dual scaler-timer. Fail-safe, 
motorized, omnidirectional positioning of detector head. 
Built-in provision for system-expanding accessories, such 
as positron head for tomographic studies, fast digital 
printer, and 1600-channel multidimensional analyzer. 


May we supply you with evidence of 
Pho/Gamma’s past clinical perform- 
ances—plus a look at the future of 
Pho/Gamma III? Consult your local 
Nuclear-Chicago sales engineer. Or 
write directly to us. Nuc 0-8-226 


© 


NUCLEAR-CHICAGO 
CORPORATION 


307 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Netherlands. 


THE MACHLETT DYNAMAX “6 “60” 








anew capability 
for rotating 
anode x-ray tubes 


O E 
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The high energy capability of the Dynamax ‘‘60” permits fullest 
. he utilization of high power single and three phase equipment over 
— a wide kilovoltage range. This capability extends to the fractional 
millimeter focal spot, and optional grid control, to give increased 
loads and exposure rates together with maximum rencition of detail. 
For full information on the Dynamax “60” write The Machlett 
Laboratories, Inc., Springdale, Conn. 06879. 
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CLEAR CHOICE IN 
HYSTEROSALPINGOGRAPHY 


WATER-SOLUBLE CONTRAST MEDIUM 


SALPIX 


0.53 Gm Sodium Acetrizoate and 0.23 Gm Polyvinyl pyrrolidone per cc 





Fast, safe, accurate radiopaque visualization 
without irritation, residue, or pain 





ORTHO PHARMACEUTICAL CORPORATION « RARITAN NEW JERSEY 


enmena a terete rieenreansssintnempndnenmmameeeniieeitieiireeen 


CONTRAINDICATION S-—-Contraindications to hysterosalpiagography include the presence of severe 
vaginal or cervical infections, existing or recent pelvic infection, marked cervical erosion or endocervicitis, 
and pregnancy. The procedure is contraindicated during the immediate pre- or post-menstrual phase. 
SENSITIVITY— lf indicated in the patient’s history, an intracvtaneous skin test or sublingual absorption 


observation may be done with 0.1 ce SALPIX. WARNING -Not for intravenous use. Hore agg 





“Silent” gallbladders... speak clearly to radiologists 


Chatecystograohy consists of radiologic ex- 
amination ‘atiewing the oral administration 
of a radiopaque agemi (such as TELEPAQUES®) 
which is excreted by the liver into the bile, 
and is concentrated in the gallotadcder, This 
concentration provides highiy contrasted gatt 
bladder shadows and often obtainable clear 
definition of the ducts. Evidence indicates 
cholecystography should be a routine adai- 
Hon to any gastrointestinal “work-up” you 
order for your patient, to help unmask "sient 
galistoneas or othar gallbladder pathology. 
The single most Important stiribute of any 
cnolecystopraphic contrast agent is its accu- 
racy in diagnosing biliary tract disease. Fram 
this standaoint, TELEPAQUE provides the 
highest degree of diagnostic accuracy, Usi- 
ally with aniy one dase, and one examination. 
Nonvisuatization means gallbladder disease; 


(Marthrag| rowers IK PRODUCTS FOR RADROLOEIC DINANDBS 
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goad visualization means a functioning gall- 
biadder-—and you can dapend on this diagnosis. 
But this is only one of the numerous precise 
radicdiagnostic procedures— many af them 
perfected during the last few years — naw oto- 
uided by radiotogists wha can be of invaluable 
assistance fo you and your practice, 
Usual dosage of TELEPAQUE—~3 Gm. {@ tab- 
lets) at night after a ight supper, 
Tablets are supplied in envelopes of 6, In 
boxes of 5 and 25 envelopes. 
Side Effects are usually mid, and may In 
clude nausea, vomiting, diarrhea, cramps, 
headache, dysuria and, rarely, skin rash, urti- 
caria, pruritus, flushing. 
Contraindications sre acute nephritis, uremia, 
and gastrointestinal disorders which prevent 
absorption of the medium. 


WINTHRO?S CABORATORIES 
Neny York, N.Y. 20016 


This advert 
SEMent—one j , 
IS NOW appearing in p 2 Series by Wr 
Zin th nthrap La 
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with Telepaque’ (iopanoic acid) | 
visualization means a functioning gallbladder 
nonvisualization means gallbladder disease’ 


“Silent” and “Vague” gallbladders often present diagnostic problems 


Diseased galibladders can be clinically “silent” or “vague” with confusing signs and 
symptoms, particularly cholecystitis without cholelithiasis. Both require the highest 
degree of diagnostic accuracy. (Of course, those with classic, readily diagnosable 
symptoms do not present a problem.) Autopsies indicate that approximately eleven 
per cent of the population in the United States have Gai Stones!’ While females in the 
“4AF” category—fair, fat, forty and fertile-—are the mest frequent victims, the disease is 
also quite common in males. Delay in diagnosis with resultant delay in employing 
appropriate measures, according to one authority," “are fraught with 

disastrous results for the patient.” 


“High diagnostic accuracy makes Telepaque the contrast agent of choice” 


This is why TELEPAQUE with its unexcelled record of accuracy of 98.3% 
to 100% in large scale studies, has long been the ora’ contrast agent of choice 
in cholecystography and cholangiography. 

TELEPAQUE helps you to establish the functions! status of the gallbladder based 
on the concentration of the medium in the gallbladder -~ rather than by a 
passive filling of the organ by the agent. This highly iriportant diagnostic 
attribute has been widely demonstrated by the superb degree of contrast 
obtained with TELEPAQUE often with only a “one dose, one examination” routine, 
So that visualization means a functioning gallbladder, nonvisualization means 
gal. bladder disease. And you can depend on what your Nims show. 


FOR COMPLETE PRESCRIBING INFORMATION. CONSULT THE PACKAGE INSERT, 


side Effects: TELEPAQUE has low toxicity, and side effects are usually mild. 
Gastrointestinal effects (diarrhea. Cramps, nausea, vorviting) are the most 
common. Usually the diarrhea is mild, consisting merely of a few loose stools, 
āithough in isolated cases it may be severe. Other side effects reported 
include dysuria (stinging or pain on micturition), headache and, on rare 
eccasions, skin rash, urticaria, pruritus, and flushing. 

Contraindications: Acute nephritis, uremia, and gastrointestinal disorders that 
prevent absorption of the medium. 


euppled: Tablets of 500 Mg., Envelopes af & tablets, boxes of 5 anc 20 envelopes: 

also bottles of 500. 

1. Newman, H. F., and Northup J. D.a Internat. Abst. Surg. 109.1, 1559., 

Weiss, 5. (New York Polyclinic Medical Sehool ang Hospital): Clitic.al Lectures on the Gallbladder, 


2 
Yearbook Publishers, Chicago, 1944, pp. 137, 149, 229. 


“AN extraordinary high degree af accuracy has bren achieyed with CoP TET UL AE 
series of patients; however, unusual causes af AGAVISUGHZ&ation athor than 


Te I e a T ` for precise oral cholecystography 
p q and cholangiography 
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PROFEXRAY ADDS NEW DIMENSIONS TO THE CONCEPT OF 





EMPEROR 90-360 TABLE— NEW 


Heavy-duty, radiographic-fluoro- 
scopic, 180° motor-driven table with 
tilt range from 90° Trendelenberg 
through horizontal to vertical. 


FLEx BILITY 


l. A wide selection of spot film devices, image intensi- 
fiers, intensified image recorders, television systems, ciné 
systems or com inations of these systems has been devel- 
oped for this table. (Pictured here with PIP-6 Image 
Intensifier and Intensified Image Recorder. ) 


2. A true tsland-type table. Unique design eliminates 
projections from table body by removing drive motor 
and transmission from rear of table—results in 360° 
access to patient. 


3. Fluoroscopic and radiographic studies are made easy, 
using the menual-glide or motor-driven table top, which 
are available as options. 


4. Three smooth motor drives are available: single-speed, 
dual-speed, or continuously variable speed. 





FLEX {BILITY 


INTENSIFIED IMAGE RECORDER— NEW 


Provides records (spot films) of the intensified fluoroscc 
image with a degree of definition not obtainable with conv 
tional spot films: (1) at intervals controlled by operator, 
(2) sequentially at rates up to six exposures per second 


FLEX [BILITY 


l. May be used with or without spot film device—} 
significant advantages are to be gained when used 
place of spot film device. 


2. Exposure factors to record the fluoroscopic image 


1/10 to 1/20 of those used for regular spot film stud 
These lower factors permit the use of a fractional-foe 


tube, resulting in films of unparalleled sharpness. Mag 
fication studies become routine. 
3 


. A complete range of lenses is available, and these 
sasily interchanged. 90 mm and 70 mm magazines can 
interchanged. Ciné and television cameras are availat 


4. May be permanently installed on this table ( 
Emperor 90-15), with associated options, withc 
necessity of a cumbersome ceiling suspension syster 


PROFEXRAY 





ard Goldberg, Chief Radiologist, and 
1k T. Seymour, Hospital Administra- 
ve Northwestern General Hospital, 
, Ontario, Canada. The equipment: 
1ouseAllview Telefluoroscopic System. 


The Westinghouse Professionat 





Commitment to Radiology at work in Toronto 


The versatile Westinghouse Allview Telefluoroscopic System —re- 
cently installed in tne Northwestern General Hospital, Toronto, 
Canada—is used for all gastro-intestinal and special procedures. 


The Allview system of total fluoroscopy offers the freedom, con- 
venience, and low-exposure advantages of remote control fluoros- 
copy...permits table-side or remote viewing on TV monitors. The 
Telecon vidicon camera is coupled with a 9” Image Amplifier that 
offers a brightness gain of more than 4000x—provides excellent 
resolution with as little as 0.1 footcandles. 


A Westinghouse Stratograph is coupled with the Sierra Tube Stand 
for body-section radiography. Other equipment: Capri 90-15 motor- 
driven table and a Video Tape Recorder for examination review, 


What the Westinghouse Professional Commitment to Radiology offers you... 
Facilities planning from simple layout to architectural plans and 
equipment specifications for a new hospital Radiological Suite... 
Design and installation of equipment to meet diagnostic speci- 
fications and case load requirements...Care of equipment and 
minimized downtime through our unique Preventive Maintenance 
Service Plan...Research and Development projects to meet the 
growing need for further advances, such as today’s Image Amplifier 
—first introduced commercially by Westinghouse. 


Ask your local Westinghouse X-Ray Representative to discuss how 
these services can help you, or for service and equipment informa- 
tion, write us. Westinghouse Electric Corporation, X-Ray Division, 
2519 Wilkens Ave., Baltimore, Md. 21203. 


The Westinghouse Stratograph permits 
body-section radiography, in addition 
to all other procedures possible with 
the versatile Allview system. The Stra- 
tograph offers such advantages as se- 
lective depth of cut indexed from O 
to 25 cm, selective distance of travel, 
selective thickness of cut from 2 cm 
to 6 cm in horizontal and vertical 
body-section radiography. J-08454 
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right? 
right! 


And that’s the way films go through the proc- 
essing cycle in our PIXAMATIC model Ill. 


Straightline throughput, rather than tortuous 
meandering, zips them through at 49.5 inches 
per minute. Which means it can deliver a dry, 
ready-to-read 14” x 17” rapid-process type 
x-ray film in 69 seconds. Or an 8” x 10” in less 
than a minute (58.1 seconds to be exact). 


Now if you’re not in that much of a hurry, our 
other straightline PIXAMATIC (model II) will 
put any kind of film through at twelve inches a 
minute, delivering a dry 14” x 17” in 4.6 min- 
utes. An 8” x 10” in 4. 


You decide which is right for your kind of 
work, your traffic load. 


Makes sense, doesn’t it? 


Your local Picker representative will be glad to fill you in 
on details. Have him in, or write us for fuller description 


and specifications 


With either PIXAMATIC 
you get these extra (unique) benefits ... 


No abrasion artifacts. 
Films ride flat on soft rollers, bathed on both sides by 
jet sprays. 

No “lost” films. 
All films always in plain sight by lifting cover. No pos- 


sibility of jammed (and torn, maybe) films drowning in 
tank bottom. 


Lower water consumption. 


Needs only 1 gallon per minute (cuts water use by 
more than halt: important in drought-stricken areas). 


No daily cleaning. 
Standby idling. 


Film transport operates only while films are in the ma- 
chine: saves wear and tear. 


Easier to operate. 





PICKER X-RAY CORPORATION 
White Plains, N.Y. 


MONITROL/15 


DIAGNOSTIC X-RAY TABLE 





... Invites critical inspection 


Monitrol/15—that’s the new name to remember when you're selecting a 
« heavy-duty diagnostic x-ray table. Designed and built to perform all radio- 
graphic and fluoroscopic functions, this new 90-15’ table contains operational 
features never offered before, by anyone. A true, uncluttered island design, 
speeded-up powered motions and true field collimation of the fluoroscopic beam 


are but a few. And General Electric has produced all this at a moderate price. 


“The New 90-15° Table Built For Heavy-Duty Use z 


\ 
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he new Monitrol/15 fills the void between light- 
reight 90-15" tables and heavy-duty 90-90" hos- 
ital tables. It's built to take around-the-clock use 
nd is offered by General Electric at an easy-to- 
ike price. 





Every newly-designed feature of the Monitrol/15 
aimed at easing the task of the radiologist. For 
istance—the fluoroscopic tower is lower and far 
ghter in weight to let you move it with minimum 


fort and park it faster. Result: a less fatigued ae PALL e eyi 
idiologist at the end of every examination. Glide- spot film devices and the Fluoricon 
ack parking of the spot film device is standard Pedestal. New low tower provides 
nd allows for easy patient positioning and fast for spot film travel of 11-in. Distance 
ible top clearance for radiography. from table top to underside of spot 


film device ranges 7-in. to 18-in. 





The Monitrol/15 accommodates the entire 
luoricon line of image intensifiers. The fluoro- 
sopic beam is defined by the G-E True Field 
‘ollimator for improved quality spot film and 
uoroscopic image. Collimator is controlled by a 
servo-drive system” providing an automatic rela- 
onship between blade and control handle posi- 
ons. Feature for feature, the Monitrol/15 offers 
tore in patient comfort and operator convenience 
1an any diagnostic table made today. It’s a proud Power Positioning—The moving 
ddition to the General Electric line of superior table top with independent 


-ray equipment. centering switch provides for 
a choice of table head-and-foot ~ 
travel at installation—choose 


Progress fs Our Most Important Product from 30-in, head/30-in. foot, 


Controls—Dual control is standard 

on the Monitrol/15. Controls are 
positioned for ease of access on both 
the table-front ledge and on the 

spot film device. The table-mounted 
switches are barium-proof. 





NOW... 
A ONE-STEP PROCEDURE FOR 
EFFICIENT CLEANSING OF THE COLON 
PRIOR TO RADIOGRAPHY 


Flat plate of 
abdomen, 

taken after 
administration 

of X-Prep Powder. 





Superior Visualization...Fewer Retakes 


with 
POWDER LIQUID 
(Standardized senna concentrate) ‘standardized extract of senna fruit) 
Easy-To-Mix With Water Ready-To-Drink 
34 OZ. Can 2'2 oz. bottle 
(complete adult dose) (complete adult dose) 


SIMPLE, PALATABLE, SINGLE-DOSE PROCEDURE FOR GOOD BOWEL PREPARATION 
A reliable, predictably effective bowel evacuant that achieves efficient cleansing of the 
colon by virtually colon-specific peristaltic stimulation. Reduces or eliminates the need 
for preparatory enemas. Highly palatable and easy-to-take, X-PREP Powder/Liquid en- 
courages better patient cooperation. All the pat ent has to do is drink the preparation 
between 2 and 4 P.M. on the day prior to radiography. ©COPYRIGHT 1966, GRAY PHARMACEUTICAL CO. 


Success hasn’t spoiled NORELCO” 


Based on their quality radiographic and fluoroscopic performance, Norelco Image 
Intensifier Systems consistently lead the field. Compare results, compactness, sta- 
bility, longevity and simplicity of operation with other systems. You will find no 
match for the Norelco 6” or 9/5” Intensifier Systems—because they were specifically 
designed for medical diagnostic use. 


The high degree of contrast detail perceptibility and image clarity produced by 
Norelco Intensifier Systems is partly due to precision optical engineering. High- 
speed, large-aperture lenses (f 1:0.75) —deemed impossible a few years ago—ére 
exclusive features with Norelco Intensifier Systems. 


Two-channel distributors provide simultaneous viewing and recording: viewing via 
wide angle biocular mirror viewer or television, with cine or 70mm spotfilm record- 
ing. With the TV chain, video recorder and additional monitors for closed circuit TV 
are potential extensions of the system. 


All Norelco Systems and components are completely integrated in design and maru- 
facture. Norelco tables provide unusual operational facility with these systems — free 
from cumbersome ceiling suspensions. 








DIAGNOST 50/6 
with 6” 
Image Intensifier 


DIAGNOST 70 
with 9/5” 
Image Intensifier 








THE 9/5” IMAGE INTENSIFIER SYSTEM visual- THE 6” IMAGE INTENSIFIER SYSTEM is clin- 
izes the 9” and 5” fields in a single intensifier ically useful in such diverse applications as 
tube. The 9/5” gives “panoramic” viewing of gastrointestinal examinations, heart catheteri- 
the 9” field, with immediate switch-over to the zation, and fluoroscopic guidance in surgery. 
high resolution 5” center field, enlarged (1.8 X) The compactness of the 6” Intensifier System 
to the full diameter of the viewing screen. is especially valuable for clinical investigation. 


We are extremely proud of this technical achievement and would like to tell you about it in detail. 


m76 


Noreleo’ EQUIPMENT 





NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional Products Division, 100 East 42nd St, New York, N.Y. 0017 
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Megas 


Input Screen Diameter 












Output Screen Diameter __ 13/16” (20mm) 
Resolution (Central) 4 60 LP/inch — 
Resolution (Peripheral) ~ 25 LP/inch 60 LP/inch 30 LP/inch 













Intensification Factor 









(Average Gain) 5000 1560 5000 
Conversion Factor* 12 36 
Minimum Contrast 4% 4% 
Anode Voltage e 25 kV 25 kV . 

Viewing / Recording = Biocular Mirror Viewer. High Speed Lens f1:0.75. Transistorized 

















*Per ICRU recommendations i in National Bureau of Standards Handbook. +Plumbicon | is a registered tradema 


Taal TV rs wince /Vidicon. Cine 16/35mm Speed, 











TBI 


the T-3 test that 
PRACTICALLY TAKES 
CARE OF ITSELF 





EASY 


Technicians spend far less time with TBI... 
the in vitro thyroid function test that practi- 
cally takes care of itself. 


There’s no stop watch timing. No critical tem- 
perature to maintain. And patient serum is 
counted only once. Total technician time is 
almost half that required of any other T-3 test. 


ACCURATE 


Nuclear Consultants TBI, with its exclusive 
“Matched Control”, offers unsurpassed accu- 
racy for hyperthyroid, euthyroid and hypo- 
thyroid evaluation. In tests performed on over 


DEPENDABLE 


Primary binding sites are measured directly, 
eliminating the use of secondary sites and the 
uncertainty associated with indirect indication. 


COMPARE TBI 


e New TBI buffer eliminates variables due to 
problems of serum handling, produces excep- 
tional stability and reproducibility e Unsur- 
passed accuracy for hyperthyroid — euthyroid 
— hypothyroid evaluation e Timing and tem- 
perature are not critical èe Takes less technician 
time than any other T-3 test e TBI low cost 
permits use as a screening test e Available in 


2200 patients, the PBI test has been reported ie au Bath Mcsaae = 

in agreement with 92%% of the final clinical = ) 

° : ° aa ‘ or i ji 

diagnoses a hyperthy roid paveni: 89% of Write for further information and g 3 | 
the euthyroid patients; and 96% of the hypo- a copy of NCC’s new booklet: -F Ul WW 
thyroid patients. * Thyro Binding Index. E UL, Jj 
*Ref.: Scholer, J. F., / f 
NUCLEAR CONSULTANTS ë 


J. of Nuclear Med., 
May '’63, p. 192. 
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X for good radiographs The right film for most radiographic 


investigations is one which offers high 


contrast, medium speed, fine grain and very low fog 
The right level. Ilford Standard is that film — at a cos” 


fil appreciably lower than for other films of comparable 
m. 





quality. Standard is compatible with the new “half-cycle” 


or “double-capacity” automatic processing techniques. 

° The right screen must be fast, with outstanding 

The r ight definition—and Ilford Fast Tungstate Intensifying 
scre en ` Screens are the ultimate in the field; their definition is 


equal to that of most screens with half the speed. Put these 





two ‘ine products in the hands of a skilled technician 
and you will have gone a long way toward 
improving your radiographs. 


ILFORD INC. Wiz 


37 West 65th Street A 


New York, N.Y. 10023 MN 
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give 
the patient 
more of you 


_with the new NOTTINGHAM CENTRALIZED CONTROL 
by KELEKET 


It provides the busy radiologist with the answer to increasing pa- 
tient loads, and to the loss of diagnostic time during routine functions. 

Keleket centralized control saves you steps, eliminates manual 
equipment handling, and frees you from the burden of protective 
clothing. 


The Nottingham concentrates diagnostic procedures, and perm ts 
more efficient patient handling and scheduling. 










See the latest in X-Ra 
equipment design, boot 

131-137, at the Radiologi- 

cal Society of North Amer- 

A Division of Laboratory For Electronics, Inc. ica Meeting, Chicago Palmer 


House, Nov. 27-Dec. 2, 


WALTHAM, MASSACHUSETTS 02154 1966. 


Medica! X-ray Equipment * Accessories and Supplies 





PROBLEMS: Uneven coating, rapid settling, é 
heavy foaming, poor visualization í 












SOLUTION: | 


INTROPAQ 


Superior performance to satisfy Multiple Diagnostic Criteria 


e Smooth, even coating in stomach, small e Non-drying or flaking 
bowel and colon 


Pleasi ild mint fl 
e Mixes well with all G.I. secretions © FANNE IMNO CS aver 


e Practically all stomach acids neutralized e Does not precipitate or glutinate in stomach 


e Non-foaming action e Minimizes pylorospasm 


Distributed by General Electric and available through your local G.E. x-ray representative. 


Progress /s Our Most Important Product 


GENERALA ELECTRIC. 





A radiographic study showed multiple nodular densities throughout 
both lung fields with evidence of coalescence in the right lower lobe. 





Why did this woman have 
dyspnea onThanksgiving Day 
and again on Christmas? 


A 39-year-old woman had been well until 
Thanksgiving Day when she complained of 
shortness of breath. It disappeared— 
recurred on Christmas Day—and disappeared 
again. Thirty days later she was admitted 

with continuous and marked dyspnea that 
had appeared three days before admission. 
She had lost 20 pounds in the previous 

six months. 


Physical examination revealed dullness and 
vocal fremitus with some wheezes and 
diminished or absent breath sounds over 
the right base posteriorly. Just above this area 
there was definite bronchial breathing. 


Radiographic studies showed multiple 
nodular densities throughout both lung fields 
—with evidence of coalescence in the right 
lower lobe. Retraction of the heart and 
mediastinum to the right seemed due to 
partial collapse of the lung. The findings 
suggested three possibilities: bronchiolar 
carcinoma, diffuse metastatic disease and 
fungus infection. 
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The pathologist's findings at autopsy were 


GAF would like you to have a compli- 


those of bronchiolar carcinoma. mentary 35mm slide of this unusual 
pathology. Contact your GAF Medical 
New GAF Supreme® x-ray film provides the X- ray Representative for a copy. 





balanced contrast necessary for radiographic 


studies of soft tissue. Supreme captures the 
important subtle detail that is often obscured gof 
by higher or lower contrast level emulsions. 


140 WEST 51 STREET, NEW YORK, NEW YORK 10020 


) NEW INJECTOR INCREASES 
ACCURACY AND CONVENIENCE 
BY DIRECT DIALING OF FLOW RATE 


In angiographic studies, 
isn’t your primary goal the 
sharpest possible x-ray con- 
trast? This depends on ac- 
tual size and delivery rate 
of a bolus into the body, not 
just injector pressure. Now 
you can dial delivery rates 
directly in ml/sec, with re- 
peatable accuracy. The new 
Barber-Colman Viamonte/ 
Hobbs injector* eliminates 
need for nomographs, and 
compensates for all injec- 
tion variables. 

Three features in Model 2000 
Barber-Colman Viamonte/ 
Hobbs injector--automatic 
flow-rate control, ‘‘Ground- 
Safe” sensing circuit, and artic- 
ulated injector arm--add 
accuracy, safety, and conven- 
ience to complement your most 
professional angiographic skills. 


Automatic flow-rate control 
proce- 


obsoletes complicated 


dures of estimating pressures 
first, then interpolating from 
nomographs to allow for cathe- 
ter size, media viscosity, and 
other injection variables. Mere- 
ly dialing the desired flow rate 
and injection time on the injec- 
tor control panel results in 
accurate delivery of the selected 
volume. 

This simplicity and repeat- 
able accuracy are significant 
breakthroughs for comparative 
diagnostic studies over extend- 
ed periods. Clinical data is 
described simply—-in basic de- 
livery rate units (ml/sec) and 
volume (ml). 

Rapid injections deliver the 
x-ray definition you demand. 
The entire 100-ml syringe can 
be discharged at rates infinitely 
variable up to 60 ml/sec, with- 
in the physiological limits of 
the specific procedure and 
catheter design. 





Model 2000 Barber-Colman Viamonte/ 
Hobbs injector (shown). 


“Patent pending 


BARBER 
COLMAN 


VIAMONTE/HOBBS insector 





New Safety Precautions 

An exclusive ‘‘GroundSafe”’ 
sensing circuit detects differ- 
ences in electrical potentials 
which may exist between the 
injector and x-ray equipment 
prior to, or during the injection. 
Differential detection level is 
set at approximately 40 mili- 
volts. The injector stops in- 
stantly and automatically when 
such a ground potential differ- 
ential exists. 

As an extra failsafe measure, 
a positive mechanical stop can 
be set to limit the volume of 
contrast media delivered from 
the syringe. 

An arming switch guards 
against accidental injector fir- 
ing during preparatory proce- 
dures. 

Injection procedure from out- 
side the direct radiation area is 
controlled with a remote hand- 
held switch. An optional foot 
switch simplifies stuttering dur- 
ing catheterization procedures. 
Control of the injection proce- 
dure is complete with either 
hand or foot arrangement. When 
either switch is released, injec- 
tion terminates instantly. 
‘‘Full-Freedom’’ 

Syringe Positioning 

An articulated arm permits po- 
sitioning of the syringe at any 
injection site . . . eliminates 
need for extension tubing. 
Variable X-Ray Delay 
Injector can be set to trigger 
x-ray equipment immediately 


after the injection starts ... or 
in increments up to two seconds 
delay ... or not at all. 


Your request for more infor- 
mation on the Barber-Colman 
Viamonte/Hobbs injector will 
receive prompt reply. 
BARBER-COLMAN COMPANY 


Electro-Mechanical Products Division 
Rockford, tHinors 
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MEDICINE 


SKULL CHANGES ASSOCIATED WITH INTRACRANIAL 
ARTERIOVENOUS MALFORMATIONS 


By CALVIN L. RUMBAUGH, M.D. * and D. GORDON POTTS, M.D.+ 


ST. LOUIS, MISSOURI 


HE. first arteriovenous malformation 

of the brain was reported by Steinheil 
in 1895, 138 years after William Hunter’s 
original description of an arteriovenous 
aneurysm in the arm. In 1928 Dandy? de- 
scribed 8 of his own cases previously re- 
ported in the literature. Because angiog- 
raphy was not performed on these cases, he 
hac to rely on the clinical findings, skull 
roentgenography, and ventriculography for 
their diagnosis. He noted calcification in an 
arteriovenous malformation, prominent 
vascular markings in the cranial vault, and 
a defect in the occipital bone caused by a 
large vein passing through the vault. In 
addition, he saw, at operation, thinning of 
the skull from its inner aspect caused by a 
superficial malformation, although this 
change was apparently not recognized in 
the roentgenograms. Dandy also noted that 
arteriovenous malformations of the brain 
could displace the ventricular system and 
simulate a tumor at ventriculography, and, 
in some cases, he saw enlargement of the 
ventricle adjacent to a malformation which 


he considered to be the result of an old 
hemorr rage. 

The diagnosis of an intracranial arterio- 
venous anomaly can almost always be made 
by angiography. A few cases have been re- 
ported by Kamrin and Buchsbaum? where 
angiography failed to show a large malfor- 
mation and in such cases the malformation 
may shew the angiographic appearance of a 
mass lesion without abnormal vessels. 

Man cases present with a subarachnoid 
hemorrhage and often also a bruit which 
will suggest the diagnosis and indicate the 
need for angiography. However, in a num- 
ber of cases the clinical findings are non- 
specific and there is no suspicion of an 
arteriovenous malformation at the time 
that roentgenograms of the skull are taken. 
In these cases it may be possible to diag- 
nose, or at least suspect, the lesion from 
changes on plain roentgenograms. 


MATERTAL 


Sixty-one cases of intracranial arterio- 
venous malformation of the brain demon- 
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strated by angiography were reviewed to 
determine the changes present in the plain 
skull roentgenograms, and these were corre- 
lated with the angiographic findings. These 
patients included 32 males and 29 females. 
All of the cases were admitted to the Neuro- 
logical Institute, New York, and had 
simultaneous biplane angiography with at 
least 2 films per second in the arterial phase, 
and in some case up to 6 films per second. 
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ic. 1. Types of calcification seen in arterio- 
venous malformation. (4) Curvilinear; (B) 
coarse punctate; and (C) irregular with an 
incomplete circle of calcification. 


The technique of the roentgenologic in- 
vestigation has been described elsewhere by 
Pool and Potts." Malformations associated 
with aneurysmal dilatation of the vein of 
Galen are not included in this series. 


CLINICAL FEATURES 


The age of the patients ranged from 11 to 
67 years at the time that the diagnosis was 
made. Thirty-one (51 per cent) presented 
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with one or more subarachnoid hemor- 
rhages and in 14 (23 per cent) a bruit was 
detected. Twelve (20 per cent) presented 
with focal or generalized seizures. 


ABNORMAL INTRACRANIAL CALCIFICATION 

Paterson and MchKissock*® found calcifi- 
cation in the malformation in 24 of 1o01 
cases which had skull roentgenograms. In 
this series 18 (29.5 per cent) showed calci- 
fication which was linear, curvilinear, in 
the form of parallel lines, punctate, circu- 
lar or irregular (Fig. 1, 4, B and C). In 
many cases the calcification was similar to 
that seen in aneurysms or tumors. 


DISPLACED PINEAL GLAND OR 
CHOROID PLEXUS 


Eight (14 per cent) showed displacement 
of the calcified pineal gland or choroid 
plexus. This was usually due to the presence 
of an intracerebral hematoma, but occa- 
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sionally was seen when a large malforma- 
tion occupied considerable space. 


EVIDENCE OF ENLARGED INTERNAL 
CAROTID ARTERY 


Radberg'® has discussed the normal 
appearance of the carotid sulcus adjacent to 
the sphenoid sinus as seen in various pro- 
jections. When the internal carotid artery 
enlarges, its sulcus becomes deeper and it 
extends farther forward in relation to the 
anterior wall of the sella turcica (Fig. 2, 
A—-D). Frontal tomograms of the sella 
turcica may show abnormally deep carotid 
grooves (Fig. 3). The anterior clinoid pro- 
cesses tend to become elongated. Occa- 
sionally, the gross bilateral increase in the 
size of the internal carotid arteries may 
cause an appearance which simulates the 
enlargement of the sella turcica due to an 
intrasellar tumor (Fig. 4, 7—D). However, 
the normal carotid sulcus shows consider- 





liG. 2. Deep carotid sulcus extending farther anteriorly than usual. (4) Enlarged carotid sulci on both sides 
(arrows). (B) Enlarged carotid arteries on both sides but carotid sulci superimposed (arrow). (C) Skull 
roentgenogram and (D) arteriogram showing enlarged carotid artery and its prominent sulcus. 
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Fıc. 3. Deep carotid groove (arrow) 
shown by frontal tomography. 


able variation and only rather gross enlarge- 
ment of the internal carotid artery will 
cause changes that can be recognized with 
any degree of confidence. In many cases, 
there will only be a suspicion that the in- 
ternal carotid artery is erlarged from the 
appearance of the carotid sulcus and one 
will have to look elsewhere for confirmatory 
evidence. 

As it lies in the petrous temporal bone, 
the outer diameter of the internal carotid 
artery may sometimes ke demonstrated 
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Fic. 4. Enlargement of the sella turcica caused by marked enlargement of the internal carotid arteries. (£) 
Lateral roentgenogram of sella turcica. The sella turcica has an anteroposterior measurement of 18 mm. 
and a depth of 17 mm. The carotid sulci extend still farther anteriorly (arrow). (B) Lateral tomogram of 
sella turcica. (C) Left carotid arteriogram. (D) Right carotid arteriogram. The malformation involved the 
right hemisphere. Note thick cranial vault. (Courtesy of Dr. Ernest Wood. This case was not included in 


the series.) 
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quite clearly. The artery enters the carotid 
canal in the petrous temporal bone, passing 
rostrally for a short distance (Fig. 5), and 
then forward and medially for a longer dis- 
tance to reach the region of the foramen 
lacerum medium. This latter portion of the 
vessel may be more or less horizontal, or it 
may pass somewhat caudally as it runs for- 
warc and medially. The vertical portion of 
its course may not be seen in the base view 
and it may even be quite dificult to demon- 
strate by tomography of the base of the 
skull because it is so short, particularly its 
medial margin. 

The more medial part of its course in the 
petrous temporal bone may be difficult to 
demonstrate in routine studies because of 
its obliquity and since it is not demarcated 
by compact bone. It is usually very clearly 
seen if it is viewed along its long axis (Fig. 6, 
4 and B), but because of the variable course 
of this portion of the vessel, it may be dif- 
ficult to obtain the correct view to show the 
canal in this way. It is probable that, with 
careful television fluoroscopy, the correct 
projection could be obtained in almost 
everv case. 

As the internal carotid artery enlarges in 
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tc. 5. View of inferior aspect of skull show- 
ing carotid canals (arrows). 


diameter, it usually also increases in length. 
When this occurs, it may cause an abnor- 
mally prominent groove on the lateral as- 
pect of the body of the sphenoid, adjacent 
to the apex of the petrous temporal bone 
(Fig. 7). Ten cases in this series showed 
changes in the skull roentgenograms which 
were felt to indicate enlargement of the in- 
ternal carotid artery. These cases all had 
very large arteriovenous malformations and 
in most cases the internal carotid arteries on 
both sides were grossly enlarged. 





Fic. 6. Axial studies of medial portion of bony carotid canal within the petrous temporal bone in rotated 
lateral view. (4) Arteriogram showing axial view of the internal carotid artery as it passes forward and 
medially in the petrous temporal bone (arrow). (B) Plain roentgenogram in the position of angiography 
showing carotid canal (arrow). The head is rotated 30° away from the side of injection. 





Fic. 7. Tomogram of base of skull showing prominent 
grooves on the lateral aspects of the body of the 
sphenoid (arrows). The jugular fossae are also 
enlarged. 





lic. 8. enlarged 


the first 


Base view of the skull showing 
foramina of the vertebral arteries in 
cervical vertebra (arrows). 


EVIDENCE OF ENLARGED 
VERTEBRAL ARTERIES 
Enlargement of the foramina of the verte- 
bral arteries in the first cervical vertebra 
could be detected in the base view (Fig. 8), 
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or in lateral views where an abnormally deep 
groove on the upper aspect of the posterior 
arch of the first cervical vertebra could be 
seen (Fig. 9). Occasionally, the vertebral 
artery was encircled by bone in this region, 
and the foramen formed indicated the pres- 
ence of a large vertebral artery (Fig. 10, 7 
and $). 

Although Lindblom? felt that the size of 
the foramen transversarium of the first cer- 
vical vertebra was not as good an index of 
the vertebral artery size as the foramen 
transversarium of the second cervical verte- 
bra, it seemed to be of some value in the 
present series. 

VESSELS PENETRATING 
CRANIAL VAULT 


When the malformation was supplied by 
external carotid vessels in the scalp or when 
veins craining the malformation passed 
through the cranial vault, the lucencies 
where the vessels penetrated the cranial 
vault could sometimes be seen. These most 
commonly caused small round areas of re- 
cuced density and they usually occurred in 
relation to the more superficial vascular 
malformations (Fig. 11). These perforating 
channels may be difficult to recognize if 
they are very small, particularly if they are 
not seen end-on in any view. However, they 
are of some importance as they may provide 
the only evidence on plain roentgenograms 
of the position of a superficial malforma- 
tion. Only 2 cases in the present series 
showed evidence of these perforating chan- 


lic. g. Prominent groove on the upper aspect of the 
arch of the first cervical vertebra (arrow) caused 
by alarge vertebral artery. 
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nels in the skull roentgenograms. Occa- 
sional, perforating channels may be seen in 
a normal skull, but a group of these chan- 
nels usually indicates the presence of an 
arteriovenous malformation. Other cases 
were shown angiographically to have these 
channels, but they could not be recognized 
in the plain skull roentgenograms. 

Two cases showed evidence of enlarged 
occipital emissary veins similar to those 
described by Chynn,' presumably caused 
by increased venous pressure at the point of 
junction of the 2 lateral sinuses (Fig. 12). 


CHANGES CAUSED BY ENLARGED 
VEINS AND VENOUS SINUSES 


When a large arteriovenous shunt is pres- 
ent, the grooves in the skull caused by veins 
or venous sinuses may become enlarged. 
Because these vary so much even in normal 
patients, only rather gross enlargement is 
diagnostically helpful (Fig. 13). The jugu- 
lar foramina may also be enlarged (Fig. 14) 
and prominent venous markings may be 
seen on the inner aspect of the cranial vault. 


ENLARGED ARTERIAL MARKINGS ON INNER 
ASPECT OF CRANIAL VAULT 





When enlarged meningeal arteries supply 
the malformation, large (and often tortu- 


lic. 10. (4) Complete rings of bone surrounding the 
vertebral arteries as they lie above the posterior 
arch of the first cervical vertebra. Both vertebral 
arteries were enlarged. (B) Arteriogram showing 
one of the large vertebral arteries. 





Fic. 11. Small channels (arrows) caused by vessels 


passing through the cranial vault over the surface lic. 12. Enlarged occipital emissary veins associated 
of 2 superficial malformation. with a large vascular malformation, 
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liG. 13. Large groove on inner aspect of skull caused 
by enlargement of the sagittal sinus (arrows). 





ic. 14. Large jugular foramina (arrows) shown by 
tomography of the base of the skull 


tous) grooves may be seen on the inner as- 
pect of the cranial vault (Fig. 15). Seven 
cases in the present series showed promi- 
nent meningeal arterial grooves. When the 
middle meningeal artery was enlarged, the 
foramen spinosum was also enlarged. Be- 
cause of the frequent asymmetry of these 
foramina on the 2 sides of a normal skull, a 
foramen spinosum should only be presumed 
to be enlarged if large arterial markings on 
the inner aspect of the skull can also be 
recognized. A prominent groove may be 
seen extending laterally from the large fora- 
men spinosum in the base view. 


THINNING OF THE CRANIAL VAULT 
Two cases showed thinning of the cranial 
vault from its inner aspect. This occurred 
when the malformations or grossly en- 
larged veins were on the surface of the 
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hemisphere adjacent to the inner table of 
the skull (Fig. 16). 


THICKENING OF THE CRANIAL VAULT 


In 3 cases there was some thickening of 
the crarial vault and a reduction of the size 
of the hemicranium on the side of a vascular 
malformation. The digital markings on the 
inner table were also reduced on the side of 
the lesion. 

Three cases with large arteriovenous 
shunts showed a generalized thickening of 
the cranial vault (Fig. 17, 4 and B). Unex- 
plained thickening of the cranial vault is 
sometimes seen in otherwise normal pa- 
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lic. 15. Enlarged meningeal 
(arrows). There was some calcification in 


large parietal malformation. 


marking 
this 


vascular 





lic. 16. Thinning of the cranial vault over a super- 
ficial malformation (arrows). Tracing of original 


roentgenogram. 
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Fic. 17. Thickening of the cranial vault. 
The temporal regions were not unusually 
thick but the remainder of the vault was 
up to 2.2 cm. thick and there was a loss 
of definition of the inner and outer tables 
and diploic region. This patient had a 


very large malformation supplied by the middle cerebral artery. (4) Lateral view. (B) Frontal view. 


tients, but the frequency and prominence of 


this change in the present series suggest 
that generalized thickening of the cranial 
vault may be related to large intracranial 
vascular anomalies. Well-marked thicken- 
ing of the cranial vault was also noted in at 
least 1 of the cases of Olivecrona and Laden- 
heim.’ These authors considered that this 
skull thickening was seen only where the 
external carotid artery supplied the mal- 
formation, but in the present series skull 
thickening was seen when the malforma- 
tion was supplied entirely by the internal 
carotid and vertebral arteries. 


Szilagyi et al. have reported a 27 per 


cent incidence of increased length of the 
lower limb in association with congenital 
arteriovenous fistulas of the limb. It has 
been shown by Myers and Janes® that the 
increase of limb length occurs in the tibia 
and fibula and the work of Weinman eż al.” 
suggests that the enlargement may be re- 
lated to alterations of the blood How, but 
there was no consistent relationship be- 
tween change in bone plasma flow and 
change in bone weight. Keck and Kelly! 
found no increase in bone length in dogs 
when the venous pressure in a hind limb 
was increased experimentally. It seems pos- 
sible that the mechanism of skull thicken- 
ing in association with large intracranial 
vascular malformations may be similar to 


that involved in these cases of limb hyper- 
trophy. 

A second possibility 1s that a very large 
vascular malformation may result in a 
brain of small size and the thick skull is 
secondary to this change in the brain. 


DISCUSSION 


Small arteriovenous malformations of 
the brain not associated with an intra- 
cranial hematoma rarely show any abnor- 
mality in roentgenograms of the skull. 
Calcification is uncommon in the smaller 
malformations. Larger malformations are 
associated with marked enlargement of 
feeding arteries, draining veins, and venous 
sinuses, and these, in turn, may cause rec- 
ognizable changes in the skull. Additional 
views and sometimes tomography may be 
requirec to demonstrate enlargement of the 
internal carotid artery or jugular veins. 

A base roentgenogram or a base tomo- 
gram may show enlargement of the vertical 
portion of the carotid canal within the pe- 
trous temporal bone. The portion of the 
carotid canal passing forward and medially 
in the petrous temporal bone may some- 
times be shown end-on by a lateral view 
with the face turned 30° away from the side 
of interest. Due to the variation in this part 
of the course of the artery, the appropriate 
position for an axial view of the canal is 
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variable and some form of fluoroscopic posi- 
tioning might be helpful. Base roentgeno- 
gram or bone tomograms may show an 
erosion of the lateral aspect of the body of 
the sphenoid, and frontal tomograms of the 
sella turcica may show deepening of the 
carotid grooves. Enlargement of the verte- 
bral arteries causes enlarged foramina in 
the first cervical vertebra, best shown in a 
base view or by tomography of the first 
cervical vertebra in the same position as for 
a base view of the skull. Enlarged arteries 
or veins may cause prominent grooves in 
the cranial vault. These are usually seen in 
the standard skull roentgenograms. The 
grooves caused by enlarged venous sinuses 
are seen in standard skull roentgenograms, 
but enlargement of the jugular fossae may 
not be recognized unless a subaxial projec- 
tion is used, possibly supplemented by 
tomography. 

No normal measurements of the carotid 
canal have been established and we have 
had to rely on a subjective impression of 
enlargement or a gross asymmetry of the 
right and left internal carotid grooves or 
canals. 


v SUMMARY 


The roentgenographic changes in the 
skull seen in 61 patients with intracranial 
arteriovenous malformations are described. 
Gross enlargement of the internal carotid 
artery, venous sinuses and veins caused 
recognizable changes in roentgenograms of 
the skull. Thickening of the skull was some- 
times associated with intracranial arterio- 
venous malformations. In some cases this 
involved the hemicranium on the side of the 
malformation and in others the cranial 
vault was thickened on both sides. 
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DYNAMIC DISPLACEMENTS OF INTRACRANIAL 
STRUCTURES SIMULATING MASS LESIONS 


By MANNIE M. SCHECHTER, M.D.,*+ LAWRENCE H. ZINGESSER, M.D.,* 
and a CU EV AS, M.D.t 


NEW YORK, NEW 


NCASED in bone, tethered by its mem- 

branes, and immersed in fluid, the 
brain is well protected by nature against 
the ordinary hazards of life. Little move- 
ment is allowed the brain providing that 
the fortress and its contents are intact. 
However, if the integrity of the bony vault 
is lost, membranes and brain mav herniate 
through the bony defect. Similarly, tears 
in the membranes covering the brain, loss 
ot fluid surrounding the organ, and loss of 
brain substance itself allow varying de- 
grees of freedom of movement. 

The treedom of movement allowed the 
brain when its support is removed facili- 
tates the neurosurgical approach to certain 
areas of the brain. Positioning of the head 
allows gravity to assist in retracting a lobe 
of brain to expose the operative field to 
better advantage. The use of urea has en- 
hanced these effects. Further extreme free- 
dom of movement is observed by the 
neurosurgeon who operates on a hydro- 
cephalic and watches the brain collapse 
like an exhausted balloon when the cerebro- 
spinal fluid drains out of the ventricular 
system. 

Itis the pur pose of the authors to report 
certain changes in the roentgenologic ven- 
tricular and subarachnoid anatomy of 
atrophic brains related to the position of 
the head. These changes were of a magni- 
tude sufficient to cause confusion in diag- 
nosis. 

Three cases are reported, one of which 
showed an aqueduct which assumed an ab- 
normal shape when the patient was placed 
in the prone position. When the position 
of the patient’s head was changed so that 
gravity influenced the pons to move in a 
dorsal direction, the abnormality was no 
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longer obvious. The second case showed a 
depr ession and contralateral displacement 
of the body of a lateral ventricle during 
encephalography . Ventriculography, a few 
days later, demonstrated a normal ventric- 
ular system. The third case showed a dis- 
placed aqueduct, presumably from the in- 
troduction of subdural, subtentorial air, 
which displaced it downw ards and forwards. 


REPORT OF CASES 

Case 1. S.H.M. This 43 year old female was 
rer to hospital with a history of frontal 
headaches for 1 year. Four months prior to ad- 
mission, her symptoms became more severe and 
she developed difficulty in maintaining her 
balance as well as dizziness and blurred vision. 
The cerebrospinal fluid examination was unre- 
markable. The only positive neurologic finding 
was an intention tremor of the right hand. The 
electroencephalogram was normal and the ra- 
dioisotope scan was unremarkable, 

The early pneumoencephalograms showed 
filling of a large cisterna magna. The fourth ven- 
tricle, aqueduct and the back end of the third 
ventricle appeared normal. A considerable 
amount of air entered the subdural and sub- 
arachnoid spaces and passed over the cerebral 
cortex (Fig. 1, 4-C). Pneumoencephalograms 
with the patient supine showed the anterior 
margin of the brain separated by a ag margin 
from the inner table of the skull (1%) ig. 3, 7 and 
B). Air also outlined a large pontine ees 
Roentgenograms taken with the patient prone 
showed considerable narrowing of the pontine 
cisterna (Fig. 3, Cand D). 

An autotomogram taken during ventriculog- 
raphy (2 hours later) with the head brow-down 

showed arge lateral ventricles, a large cisterna 
magna, and outlined the third ventricle, aque- 
duct anc fourth ventricle. The configuration of 
the a had altered considerably in this 
study (Fi g D- ~ fe bea basal angle (Sutton) 
had cl 
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liG. 1. Case 1. (4-C) Encephalogram—sitting position. Part of the fourth ventricle, the aqueduct and the 
back end of the third ventricle are outlined. The configuration of the aqueduct appears normal. A capacious 
cisterna magna is outlined with air. (D-F) Ventriculogram 2 hours later with the patient in brow-down 
position (autotomogram). Note large lateral ventricles and cisterna magna. The third ventricle, aqueduct 
and part of the fourth ventricle are outlined. Note that the configuration of the aqueduct has altered and 
that the ventricular angle has changed significantly. The basal angle (Sutton?) is less than 85°. 


85°. In the anteroposterior projection, marked 
separation of the cortex from the inner table of 
the skull was seen. 

Pantopaque ventriculograms in the supine 
(Fig. 2, 4 and B) and prone position revealed 
similar findings. 

Further examinations over a period of time 
have shown no neurologic abnormality and the 
patient has remained asymptomatic for a year. 


Case 1. S.V.H. #201937. This 55 year old 
female was admitted to hospital 6 months after 
the onset of progressive deterioration of mem- 
ory and powers of concentration. The patient 
also complained of headaches, lethargy and irri- 
tability. She frequently became depressed and 
apathetic. Except for changes in her mental 
status, the neurologic examination was normal. 
An electroencephalogram was normal. Plain 
roentgenograms of the skull were normal and a 
radioisotope scan was unrevealing. An exam- 
ination of the cerebrospinal fluid was unre- 
markable. 

Pneumoencephalography showed a remark- 
able degree of cortical atrophy. Air outlined 
large dilated sulci, particularly prominent in the 
parietal region. The basal cisterns were remark- 
ably capacious and air moved freely from front 


to back with the patient in the supine and prone 
positions, respectively (Fig. 4, 7 and B). The 
lateral ventricles were dilated and the left 
lateral ventricle (in its posterior aspect) was 
shifted to the right of the midline and its roof 
was depressed. These findings suggested the 
presence of a mass lesion in the left posterior 
parietal region (Fig. 4, B and C). 

The patient returned to the radiology depart- 
ment 24 hours later, and brcw-down studies in 
the lateral projection revealed that a good deal 
of the subarachnoid air had >een absorbed and 
the posterior aspects of the left lateral ventricle 
had assumed a normal appeazance (Fig. 5). 

Ventriculography performed 48 hours later 
revealed ventricles which were dilated but 
normal in position. The shift of the ventricular 
system to the right of the midline and the de- 
pression in the roof of the left lateral ventricle 
seen in the previous study were no longer pres- 
ent (ig. 6, 4, B and C). 

The patient was discharged and a 6 month 
rollow-cp revealed no change. 


Case 1. E.G.B. #17414, G.N.H.C.H. A 67 
vear old, white male alcoholic was admitted to 
hospital with 2 months of blurring of vision, and 
intermittent dizziness. 
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Fic. 2. Case 1. (4 and B) Pantopaque ventriculogram with patient in supine position. The aqueduct appears 
to have a normal course (A). When patient was placed in prone position, the aqueduct changed to (a). 
Compare with Figure 1, D-F. 
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Hic. 3. Case 1. (4 and B) Pneumoencephalogram—patient supine. Note that the subarachnoid space in the 
frontal region is outlined, separating a frontal lobe from the floor of the frontal fossa. Note also the large 
interpeduncular and pontine cisterns. (C and D) Pneumoenceshalogram—patient is prone. Note that the 
pontine cistern is considerably narrowed as compared with the supine study. 





‘tc. 4. Case 11. Pneumoencephalograms. Note 
marked cortical atrophy and moderately 
enlarged ventricles. (4) Roentgenogram 
taken with patient in supine position shows 
large subarachnoid spaces and basal cisterns. 
(B) Roentgenogram with patient in prone 
position shows large subarachnoid spaces in 
posterior parietal and occipital regions out- 
lined with air. The left lateral ventricle has 
a depression in its roof and its posterior por- 
tion is displaced forwards. (C) Postero- 
anterior roentgenogram taken with patient 
In prone position. Note the depression in the 
roof of the posterior aspect of the left lateral 
ventricle produced by a shift of ventricle 
to the right under the falx. 





Kic. 5. Case 11. Prone roentgenogram made 24 hours 
after Figure 4, 4, B and C. The posterior aspect of 
the left lateral ventricle has assumed a more 
normal position. 
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During encephalography, air passed via the 
basal cisterns to the fourth ventricle, aqueduct, 
third ventricle and lateral ventricles. A con- 
siderable amount of air passed into the subdural 
space and collected in the subtentorial region. 
At the level of the inferior colliculus, the aque- 
duct was kinked. This kink simulated the type 
of angulation seen with a cerebellar mass (Fig. 


7) 


DISCUSSION 

The 3 cases reported here demonstrate 
that movements of the cranial contents are 
influenced by gravity. These movements 
are the result of several factors which in- 
clude disproportion between the size of the 
cranial cavity and its contents and air in 
the extracerebral spaces (instead of the 
cerebrospinal fluid which acts as a cushion). 
An appreciation of shifts of the intracranial 
structures in the absence of mass lesions 
obviated serious misinterpretations. 

In 1960 Breig’ documented movements 
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Fic. 6. Case u. Ventriculograms made 48 
hours after Figure 4, 4, B and C. (4) 
Roentgenogram in the sitting position shows 
no defect in the roof of the left lateral ven- 
tricle. (B and C) Roentgencgrams made in 
the prone position. These reveal no displace- 
ments of the ventricular system. Compare 
with Figure 4, B and C. 


and distortions of the normal hind brain 
with flexion and extension of the head at 
the atlanto-occipital junction. Observations 
were made on living subjects and cadavers. 
In living subjects, roentgenograms were 
taken during encephalography with the 
head in extension and flexion. Observations 
were also made during surgery where the 
anatomy of the posterior fossa structures 
was observed during extension and flexion 
of the neck. Cadaver studies included 
roentgenograms taken of anatomic land- 
marks identified by radiopaque markers. 
The anatomy was also exposed i situ and 
the effects on movements were documented. 
Deformations and changes in the position 
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of the fourth ventricle were noted in ex- 
tension and flexion. 

Diekman, Schmidt and Prager, in an 
analysis of 1,800 stereotaxic brain opera- 
tions performed after pneumoencephal- 
ography, found that air had collected in the 
extracerebral space in 13 per cent of cases 
before the skull was opened. When extra- 
cerebral air more than 4 mm. in width was 
present, gravity influenced changes of in- 
tracranial structures. The position of the 
calcified pineal gland relative to fixed bone 
landmarks was compared in the sitting po- 
sition and with the patient supine. Signifi- 
cant changes in the position of the pineal 
gland occurred. 
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Case m1. Pneumoencephalogram. Air has en- 
tered the fourth ventricle, aqueduct, and back end 
of the third ventricle and lateral ventricles. A 
considerable amount of air has passed under the 
tentorium. Note the kink in the proximal course of 
the aqueduct, produced by the presence of sub- 
tentorial air. 


Lihequist,® in 1959, found a significant 
difference in the size of the pontine cistern 
with the patient in the sitting position and 
with the patient in the supine position. He 
showed that when the patient sits with his 
head flexed, the brain sinks slightly, caus- 
ing flattening of the pontine cistern. In 
1897 Froriep’ reported that shifts of the in- 
tracerebral structures occur with loss of 
Huid in the postmortem state. 

In 1962 Van Buren and MacCubbin!® 
compared the positions of intracerebral 
structures outlined during encephalography 
after taking roentgenograms with the pa- 
tient’s head in the brow-up and brow-down 
position. Although their findings suggested 
that no significant movement of the brain 
occurs with position during pneumoen- 
cephalography, they state that the intro- 
duction of subdural air, as often occurs in 
ventriculography, may result in a signifi- 
cant shift of intracerebral structures. 

The 3 cases here reported all showed a 
remarkable degree of cerebral atrophy as 
outlined by the air studies. In Case 1 with 
the patient lying supine, the marked dis- 
proportion between the volume of the ce- 
rebral contents and the cranial cavity al- 
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lowed the frontal lobes to fall away from 
the frontal bone. Note that a capaciouy; pa 


pontine cistern was present. With the pa- 
tient sitting erect and with the chin tucked 
in, the frontal lobes dropped forward and 
obliterated the large frontal subarachnoid 
spaces. Note that the pontine cistern also 
was narrow. When the patient was placed 
brow-down, the cerebellum moved forward 
and the ventricular angle (Sutton’) became 
abnormally small. The ventricular angle is 
an angle between a line joining the mid- 
point of the floor of the fourth ventricle to 
the mouth of the aqueduct and another 
from here to the lowest point of the floor of 
the third ventricle. This angle (in the normal 
encephalogram) is remarkably constant at 
about go°. The range of variation is be- 
tween 85° and 95°. The course and shape 
of the aqueduct, a sensitive and reliable 
index of space taking lesions in the region 
of the tentorial opening and in the posterior 
fossa,” 5° must be carefully evaluated in 
the light of the above observations. 

In Case 11 again there was a considerable 
disproportion between the volume of cere- 
bral tissue and the cranial vault. In the 
brow-down position, part of the left cere- 
bral hemisphere passed under the falx into 
the right side. This produced a depression 
in the roof of the posterior portion of the 
left lateral ventricle. 

A roentgenogram taken 24 hours later, 
when a considerable amount of extraven- 
tricular air had been absorbed, appeared 
normal. Futhermore, ventriculography was 
performed 48 hours later and the findings 
were no longer equivocal. The back ends of 
the lateral ventricles were undisplaced. 

Case mı resembles the case report of 
Liliequist.° Here an accumulation of sub- 
tentorial air had altered the configuration 
of the aqueduct. 


SUMMARY 


Changes occur in the roentgenologiz 
anatomy of the ventricular system and sub- 
arachnoid spaces, depending upon the 
position of the head. These changes, influ- 
enced by gravity, are most marked when 
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there is a significant disproportion between 

re volume of the cranial vault and the 
cerebral tissue, and may simulate mass 
lesions. 

Three cases are reported where these 
changes were of sufficient magnitude to 
cause confusion in diagnosis. 

The pertinent literature on the subject is 
reviewed. 

Mannie M. Schechter, M.D. 
Department of Radiology 

Albert Einstein College of Medicine 
New York, New York 10061 


We are grateful to Doctor James Scatlif for 
Case 1. 
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PARTICULAR REFERENCE TO POSTERIOR 
FOSSA TUMORS 
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Q- of the more important aspects in 
the investigation of intracranial tu- 
mors is to distinguish extrinsic masses 
which are almost alwavs benign from in- 
trinsic tumors which are almost always 
malignant. The same consideration applies 
to intraventricular tumors, some of which 
also are benign. This distinction can almost 
always be made, but may require the use of 
several diagnostic techniques. 

Ventriculographv, since it fails to dis- 
tinguish extrinsic from intrinsic tumors, 
is not the most informative procedure, but 
may complement other findings. Equally, 
ventriculography may fail to differentiate 
between extrinsic and intraventricular tu- 
mors.’ Encephalography, on the other 
hand, provides a most reliable criterion of 
extrinsic origin by outlining a mass within 
the subarachnoid space. Basal and posterior 
fossa tumors, in particular, lend themselves 
to identification in this way. Angiography 
may supplement these findings by revealing 
the nature of the mass (Fig. 1, 4, B and C). 

Selective angiography of the external 
carotid artery also permits differentiation 
of extrinsic from intrinsic tumors, and is of 
value in supratentorial as well as infraten- 
torial masses (Fig. 2).° Failure to demon- 
strate the external carotid circulation may 
result in a tumor being thought malignant 
when it is benign, and vice versa. Negative 
findings may be of value. 


POSTERIOR FOSSA TUMORS 


The posterior fossa is small with well 
defined and constant landmarks provided by 
the subarachnoid cisterns. For this reason 
encephalography is the most logical proce- 
dure in the investigation of posterior fossa 


tumors.** It is of the utmost importance to 
distinguish extra-axial masses from intrin- 
sic tumors. The former may be outlined 
within the basal cisterns. Whereas extra- 
axial masses tend to enlarge the cistern in 
which they are situated, intra-axial masses 
tend to compress it. Dilatation of the sub- 
arachnoid cisterns may be found supra- 
tentorially,® or on the side opposite an 
intra-axial mass. 

The posterior fossa encephalogram is 
essentially a preoperative procedure, and 
cannot be performed unless neurosurgical 
facilities are available. In some cases, it has 
been our practice to place preliminary burr 
holes, or alternatively, twist drill burr 
holes, enabling one to tap the ventricles 
should the occasion arise. Air is injected 
extremely slowly in 7 cc. increments with- 
out withdrawal of cerebrospinal fluid. Each 
stage is monitored with pesteroanterior and 
lateral roentgenograms, autotomography 
being an integral part of the procedure. 

The cerebellar tonsils are readily identi- 
fied on the autotomogram!" (Fig. 3). H her- 
niated, this is evidence of a posterior fossa 
tumor, although occasionally a supraten- 
torial mass may cause tonsillar herniation. 
An Arnold-Chiari malformation must be 
differentiated.’ An inferior fourth ventricle 
tumor presenting in the upper cervical 
canal can be distinguished from the cere- 
bellar tonsils and the cerebellum.'!® The 
vallecula, if filled, is displaced by cerebellar 
masses localizing their site, or dilated by a 
protruding fourth ventricle tumor, 

The cerebellopontine angle cisterns must 
be demonstrated. A normal cerebellopon- 
tine angle cistern excludes a cerebello- 
pontine angle mass. The same consideration 
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applies to the pontine cistern. Intrinsic 
tumors of the pons, cerebellum, or poste- 
riorly situated masses compress the pontine 
angle cisterns. Cerebellar tumors may also 
compress the ipsilateral ambient cistern. 
Failure to demonstrate these cisterns re- 
quires a more determined attempt to fill 
them. An extrinsic mass lesion can only be 
diagnosed if one has been outlined within 
a cistern (Fig. 4, £ and B; 5; and 6). 
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liG. 1. (4) Large mass outlined within the 
subarachnoid space (arrow). The mass also 
deforms the inferior aspect of the anterior 
homs of the lateral ventricles. The anterior 
enc of the third ventricle and the lamina 
terminalis (arrow) were normal. (B) Right 
carotid arteriogram outlines avascular mass 
arising in the anterior fossa. The pericallosal 
artery (lower arrow) and the callosomarginal 
artery (upper arrow) are stretched around 
the mass, as are branches of the frontopolar 
artery. (C) Left carotid arteriogram identi- 
fies the mass as an anterior communicating 
artery aneurysm. Comment: Bilateral angio- 
yraphy is required for masses at or near the 
mic-line. 


Cerebellopontine, prepontine, pontine 
and even suprasellar masses may all deform 
the aqueduct in the same way by showing 
a minimal increase in its normal curvature, 
so that ventriculography is not helpful in 
determining their origin (Fig. 4, £ and B; 
and 7, 4, B and C). Cerebellopontine 
masses may not deform the ventricular sys- 
tem at all, so that ventriculography is po- 
tentially misleading. While the majority of 
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tc. 2. Selective external carotid arteriogram demon- 

strating posterior fossa meningioma (arrows) 

which derives its blood supply from the occipital 
artery. 


acoustic neuromas show bone changes, 
these tumors may be bilateral, may cause 
no bone erosion, may cause no ventricular 
displacement, or may show changes which, 
at ventriculography, are indistinguishable 
from those produced by pontine tumors. 
On the other hand, they may be outlined 


within the cerebellopontine angle cistern at 
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lIG. 3. Autotomogram to show zerebellar tonsil at its 
junction with the cerebellar hemisphere (arrow) 
during initial stage of air encephalography. 


encephalography; bilateral lesions may be 
demonstrated in the same way (Fig. 4, 7 
and 6; 5+ -and.6). 

Positive contrast encephalography* is a 
very elegant way of demonstrating ex- 
tremely small angle tumors. However, 
since the procedure anticipates the diagno- 
sis and does little to exclude other possibil- 
ities, it is recommended only as a comple- 
mentary investigation when air studies 
have failed. 

Prepontine lesions, such as chordoma, 
meningioma, or basilar aneurysm, may be 





ic. 4. Acoustic neuroma. (4) Air encephalogram during the milling stage shows the ncreased curvature of 
the aqueduct (arrow). (B) Acoustic neuroma outlined within the cerebellopontine angle cistern (arrows). 
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liG. §. Acoustic neuroma outlined within the cere- 
bellopontine angle cistern (arrow). 
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‘ic. 6. Chordoma. The mass fills both cerebellopon- 
tine angle cisterns. Left short arrow shows dilated 
cerebellopontine angle cistern beyond the mass. 
Long right arrow demonstrates the basilar artery, 
and just lateral is the medial margin of the mass in 
the right cerebellopontine angle cistern, 
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lic. 7. Basilar artery aneurysm. Fe- 
male, aged 34 years. (4) Air enceph- 
a_ogram during filling stage shows the 
slight backward displacement of the 
aqueduct (arrow). (B) Mass outlined 
within the pontine cistern (upper and 
lower arrows). The middle arrow shows 
the mammillary bodies just above 
it and the third nerve just in front of 
the mass and above the posterior 
clincid processes. (C) Vertebral arte- 
riogram shows basilar artery aneu- 
rysm. Comment: Vertebral angiogra- 
phy is required for any possibly vas- 
cular extrinsic mass in the pontine or 
cerebellopontine angle cisterns. 
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lic. 8. Air encephalogram in a case of pontine 
tumor. The pontine cistern is very shallow. The 
quadrigeminal plate cistern shows upward and 
backward displacement (arrow). The fourth ven- 
tricle is dilated, stretched around the pontine mass 
and displaced backwards. 


outlined within the pontine cistern and 
shown to be extra-axial (Fig. 7, 7, B and 
C). Chordomas may show neither calcifica- 
tion nor destructive changes in the early 
stages, although later both may be present 
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(Fig. 6). Pontine tumors seldom give rise to 
difficulty since ventricular filling is ol 
tained even when these tumors are very 
large (Fig. 8). Pontine tumors displace the 
aqueduct and fourth vent-icle posteriorly, 
and the diagnosis can be made wher. the 
cnanges are quite subtle, at a time when 
the usual measurements are still within nor- 
mal limits. As the tumor enlarges, the floor 
of the third ventricle is elevated and dis- 
placement of the aqueduct and fourth ven- 
tricle becomes more markec. These changes, 
too, may be present with extra-axial messes. 

The differentiation of pontine and fourth 
ventricle tumors, at ventriculography, may 
present difficulty since an incompletely 
filled fourth ventricle may be mistaken for 
a displaced fourth ventricle. Complete fill- 
ing of the fourth ventricle is assured with 
encephalography. In some cases of fourth 
ventricle or inferior vermis tumors, no 
flling cf the fourth ventricle is obtained, 
but the tumor may be outl ned in the upper 
cervical canal.!° Ventriculography may be 
required when encephalography is incon- 
clusive. 

Displacement of the aqueduct by supe- 
rior vermis and cerebella~ tumors is well 





Fic. g. Right cerebellar tumor. (4) There is acute angulation of the quadrigeminal plate between the superior 
and inferior colliculi (middle arrow). The pontine cistern (lower arrow) is obliterated, and the callosal 
cistern (upper arrow) is dilated. (B) Frontal view shows dilated callosal sulci (upper arrow) and dilated 
ambient wings (right and left middle arrows). The vallecula shows slight displacement towards tie left 
(lower arrow). 
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\ documented, but similar changes in the 
“quadrigeminal plate have received less at- 
tention. Cerebellar tumors deform the 
aqueduct by increasing the normal aque- 
duct kink between the superior and inferior 
colliculi. The resultant angulation of the 
quadrigeminal plate can be demonstrated 
by air in the quadrigeminal plate and lin- 
gular cisterns. In cases where there is no 
ventricular filling, these findings are diag- 
nostic (Fig. 9, 4 and B; and Io). 
Cerebellar hemisphere and superior ver- 
mis tumors displace the lingular cistern and 
the inferior colliculi forwards, whereas mid- 
brain, pontine and prepontine masses dis- 
place them backwards. Similar displace- 
ment may be observed in inferior vermis 
and fourth ventricle tumors. In these cases, 
the lingular cistern is obliterated due to en- 
largement of the fourth ventricle and an 
outpouching of the anterior medullary 
velum. The tumor may also be demonstrated 
within the cervical subarachnoid space. 
Mesencephalic tumors deform the brain 





lic. r1. Mesencephalic tumor. (4) Frontal view 
shows asymmetry of quadrigeminal plate cisterns 
(arrows). (B) Lateral view shows backward dis- 
placement of the quadrigeminal plate cistern 
(arrow) and thickening of the mid brain and pons. 


stem and show asymmetry of the quad- 
l | o rigeminal plate and ambient cisterns (Fig. 
liG. 10. Gross forward displacement of the quadrigem- 11, and B). Collicular tumors cause aque- 

inal plate by a cerebellar tumor (lower arrow). . . 

s E ae | = duct obstruction and are characterized by 
The callosal cistern is dilated (upper arrow), and ; ) i ; aE 
also the cisterna venae magnae (middle arrow). thickening of the quadrigeminal plate (Fig. 
The pontine cistern is obliterated, 12). This increases the distance between the 








Fic. 12. Lateral filling encephalogram in case of 
quadrigeminal plate tumor demonstrates the thick- 
ening of the quadrigeminal plate (arrows). 


aqueduct and the quadrigeminal plate cis- 
tern. These tumors must be differentiated 
from tentorial meningiomas which elongate 
the aqueduct and displace the fourth 
ventricle downwards and forwards. Care 
must be taken not to confuse air outlining 
a tumor mass with displacement of the 
quadrigeminal plate cistern. 

The role of vertebral angiography 1s es- 
sentially complementary: in prepontine or 
pontine angle masses, to exclude basilar 
aneurysms which are being recognized with 
increasing frequency and which respond 
poorly to radiotherapy. In obscure fourth 
ventricle tumors, vertebral angiography 
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may be helpful in disclosing an unsuspected 
angioma (Fig. 13, Æ and E). Meningiomay” 
and hemangioblastomas may also be ele- 
gantly demonstrated by vertebral angiog- 
raphy. Acoustic neuromas may show abnor- 
mal vascularity or displacement of the 
superior cerebellar artery and the petrosal 
vein. 

Selective angiography of the external 
carotic artery may be helpful in the diag- 
nosis of posterior fossa meningiomas, some 
of which are nourished by the occipital 
artery (Fig. 2). 

Tentorial meningiomas may also receive 
blood supply from the tentorial artery,’ but 
so may angiomas and malignant tumors 
invading the dura. At vertebral angiogra 
phy tentorial meningiomas show separation 
of the superior cerebellar arteries from the 
posterior cerebral arteries in the lateral pro- 
jection. The medial posterior choroidal 
vessels and the internal cerebral vein may 
show forward displacement (Fig. 14). Ma- 
lignant supratentorial tumors extending 
through the tentorium may also separate 
the superior cerebellar frcm the posterior 
cerebral arteries but, in frontal projection, 
displace the calcarine branches medially. 
Separation of the proximal posterior cere- 
bral arteries in the frontal projection is not 
helpful as this may occur in intrinsic brain 
stem tumors, but lateral displacement of 





Fic. 13. (4 and B) Vertebral arteriograms demonstrating extensive posterior fossa 
angioma which involves the fourth ventricle. 
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hic. i4. Tentonal meningioma. Vertebral arterio- 
gram shows cluster of abnormal vessels derived 
from the posterior cerebral artery and supplying 
the tumer-Lupper arrow), forward displacement 
of the medial choroidal arteries (middle arrow), 
and downward displacement of the superior cere- 
be lar arteries (lower arrow), 


the calearine branches can only be caused 
by an extracerebral mass. 


CONCLUSION 


The most logical sequence in the inves- 
tigation of posterior fossa tumors is ajr 
encephalography, possibly supplemented 
bv angiography. At times, it may be neces- 
sary to proceed to ventriculography and 
positive contrast studies. 
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CRANIAL AND INTRACRANIAL LESIONS 
IN NEUROFIBROMATOSIS* 


By KENDRICK C. DAVIDSON, M.D.t 


KANSAS CITY, KANSAS 


Ne IBROMATOSIS (von Reck- 
linghausen’s disease)" is an uncom- 
mon congenital and familial disease of 
tissues of neuro-ectodermal and mesen- 
chymal origin. Classically, the affected pa- 
tient presents with patches of cutaneous 
pigmentation (café au lait spots), multiple 
cutaneous elevated tumors (fibroma mollus- 
cum) and neurofibromas of peripheral 
nerves. Patients not uncommonly show 
cosmetically deforming and bulky plexi- 
form neuromas, especially about the head 
and neck or lower extremities. 

Roentgenographically, there is often a 
number of fairly characteristic skeletal de- 
formities. These include spinal scoliosis; 
bowing, distortion, local giantism and 
pseudoarthrosis of long bones; elephantoid 
overgrowth of skin and soft tissues; and 
local cystic or erosive changes of bone. The 
roentgenologic aspects of such skeletal le- 
sions have been reviewed in detail byHunt 
and Pugh.’ 

The skull may also reflect this condition 
in a number of ways. Bony cranial marks 
of the disease, however, are uncommon 
compared to involvement of the axial and 
peripheral skeleton. Skull changes may in- 
clude bizarre deformities of the calvarium 
and facial bones; erosion and enlargement 
of skull foramina (especially due to cranial 
nerve neurofibromas); and ovoid bone de- 
fects of the skull vault, especially along the 
parietal bones and left lambdoid suture. 
The greater and lesser sphenoid wings are 
more commonly involved, resulting in 
changes of orbital walls and sella turcica, 
sometimes with associated exophthalmos 
as first described by Le Wald’ in 1933. 
Burrows? discussed these changes in detail 
in 1963. Recently, Joffe! wrote about pa- 
tients he observed with a previously un- 


documented mark of the disease: cyst-like 
defects in the lower one-third of the left 
lambdoid suture. These patients had no 
overlying cutaneous tumors. Each had 
other classic marks of the disease, but no 
mention was made of signs or symptoms of 
associated intracranial tumors. 

The purpose of this presentation is to 
document and illustrate a number of in- 
teresting skull and intracranial lesions of 
neurofibromatosis as seen in a university 
teaching center, including the more com- 
mon acoustic neurinédmas and optic glio- 
mas. Various other ‘intracranial tumors 
have been found in patients with neuro- 
fibromatosis, including meningiomas (usu- 
ally of the posterior fossa and often multi- 
ple), and a variety of gliomas, particularly 
the astrocytomas and ependymomas, as 
documented by Russell and Rubinstein.!° 
Peripheral neurofibromas are frequent in 
this disease while cord tumors, such as 
ependymomas and astrocytomas, have been 
encountered occasionally (rarely associated 
with syringomyelia). 


ILLUSTRATIVE CASES 


Case 1. S.L., Hosp. No. 62-12775. This 124 
year old female presented in 1964 with a left 
cervical plexiform neuroma, first noted at the 
age of 6 months. Her mother, 1 brother and 1 
sister showed signs of neurofibromatosis. The 
patient had had three partial removals of the 
tumor by the time she was 8 years old, including 
one by intraoral approach. A left radical neck 
dissection, done at the age of 12% years, re- 
lieved her cosmetic deformity and dysphagia. 
Skull roentgenograms at 8 years of age (Fig. 1, 
A and B) showed a well defined bone defect of 
the left lambdoid suture with left zygomatic 
and mandibular deformities. The patient died 
at 13% years of age in another hospital with 
symptoms of diplopia and vomiting of short 


: From the Department of Radiology, Kansas University Medical Center, Kansas City, Kansas, 


+ Assistant Professor of Radiology. 
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duration (? intracranial tumor). An autopsy 
was not permitted. 


Case 11. C.A., Hosp. No. 62-19132. This 34 
year old single white female entered the hospital 
4 days before death. No familial history of the 
disease could be obtained. At birth, a neuro- 
fibroma was noted in the left side of the pa- 
tient’s tongue. This was later removed. The 
diagnosis was established at the age of 16 years, 
with note of cutaneous nodules and café au lait 
spots. She was mentally retarded. Left tem- 
poral hemianopsia was observed at the age of 
16 years. Increasing left hemiparesis and facial 
atrophy were observed by the age of 20 years. 
During another hospitalization, pneumoen- 
cephalography showed evidence of an enlarged 
right lateral ventricle. 

She was admitted because of progressive 
heacache, nervousness, ataxia and dysarthria 
of several months’ duration at the age of 34 
years. Skull roentgenograms on the second day 
of hospitalization (Fig. 24) demonstrated a 
left lambdoid bone defect. Mercury 203 isotopic 
brain scans (Fig. 2, B and C) revealed an in- 
creased pattern of activity in the region of the 
right basal ganglia. Cerebral arteriography sug- 
gested lateral displacment of the right lenti- 
culostriate arteries only. Following rapid onset 
of coma, death occurred. 

An autopsy, a Grade 1 (3X32 cm.) fibril- 
lary astrocytoma was found, extending from 
the right cerebral peduncle into the right globus 
pallidus, external capsule, thalamus, hypo- 
thalamus, and right optic nerve. There was an 
ovoid defect in the left occipital and parietal 
bone. bridging the lambdoid suture, 1X2 cm. 
in dimension, with progressive bone thinning 
toward the center of the defect. The bone was 
1 mm. thick at the center of the defect, without 
under or overlying tumor, cyst, or evidence of 
meningeal change. 


/ 


vear old white male entered the hospital with 
undiagnosed progressive failing vision of both 
eyes (R>L) for at least 5 years. There were 
numerous café au lait spots over the body. 
Skul) roentgenograms (Fig. 34) showed coronal 
suture diastasis, a “‘J” shaped sella turcica with 
depression of the chiasmatic groove and anter- 
wor and posterior clinoid erosion. A posterior 
suprasellar calcification was noted to the left 
of midline. Views of the optic foramina (not 


Case it. ).E.H., Hosp. No. 62-03343, This 7 
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Fic. 1. Case 1 .(4) Well defined bone defect in lower 
left lambdoid suture. Also note elongated contour 
of dersum sellae and posterior clinoid processes. 
(B) Half-axial view demonstrating the lambdoid 
bone defect with elevation and distortion of the 
left petrous bone. Note thinning and elongation of 
ipsilateral mandibular ramus and zygomatic arch. 


shown} disclosed bilateral enlargement (L>R). 
A left cerebral arteriogram (Fig. 3B) after 
ventriculography showed right lateral ven- 
tricular hydrocephalus and a large mass filling 
the anterior third ventricle with downward 
displacement of the left ophthalmic artery. At 
surgery, a piloid astrocytoma was found involv- 
ing both optic nerves, chiasm, the hypothala- 
mus and region of the anterior third ventricle. 
A right Torkeldson ventriculo-cisternostomy 
was performed followed by successful radiation 













therapy. The patient was growing well and 
attending a school for the blind 2 years later. 


Case iv. N.W., Hosp. No. 58-16145. This 
was an 8 year old white male with recent de- 
creased vision of his left eye, noted by his 
school nurse. The patient’s mother had had a 
right forequarter amputation for neurosarcoma 
10 years previously. A brother and 1 younger 
sister of a total of 5 siblings both bore marks of 
the cond:tion. Following right tibial fracture at 
the age of g months and subsequent pseudar- 
throsis, the patient’s right lower leg was am- 
putated at the age of 5 years because of persis- 
tent osteomyelitis. Skull roentgenograms on 
admission showed a mildly “J” shaped sellar 
contour with anterior clinoid erosion. A pneu- 
moencephalogram (Fig. 4) revealed the typical 
contour of chiasmatic cistern air beneath the 
tumor-involved optic chiasm. 

Right frontal craniotomy disclosed that the 
optic nerves were enlarged to six times the nor- 
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Case 11. (4) Roughly ovoid left 
lambdoid bone defect shown with post- 
mastoidectomy defect of left petrous 
bone. (B) Anterior projection of mercury 
203 brain scan shows increased activity 
pattern just prior to death, over right 
brow ridge. (C) Right lateral projection 
of same scan locates tumor in region of 
right basal ganglia. 


mal size, with tumor extending into the chiasm 
and involving the hypothalamus. Biopsy diag- 
nosis from the left optic nerve showed spongio- 
blastoma polare. Radiation therapy followed. 
On follow-up, 53 years later, the patient was 
doing well in school without recurrence of 
symptoms. Vision in right eve was 20/25 and 
in left eye 20/70. 


Case v. J.S., Hosp. No. 49-07657. This 32 
year old white male with only a few café au lait 
spots of the trunk entered the hospital for 
physical rehabilitation following repeated sur- 
gical procedures. He was first noted to have left 
foot drep and pes cavus foot deformity at the 
age of 12 years. Progressive ataxia, hoarseness, 
hand incoordination, headache and bladder 
difficulties dated from the age of 21 years, at 
which time low thoracic and high cervical lam- 
inectomies were performed and three neuro- 
fibromata were removed. A spinal accessory 
neurofibroma was removed at this same time. 


y 


FIG. 
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(4) Lateral view of sella turcica 
“J”? shape with concavity of chiasmatic 
groove, deepening of optic canal, erosion of dorsum 


3, Cåse ILM 


showing 


sellae and posterior suprasellar tumor calcification 
(arrow). (B) Left lateral cerebral arteriogram im- 
mediately demon- 


strates the split coronal sutures and dilated right 


following ventriculography 
lateral ventricle due to a large tumor extending 
from the optic chiasm and obliterating the anterior 
third ventricle. The first portion of the left 
ophthalmic artery (arrows) is depressed by tumor 
extending down the expanded left optic canal be- 
fore swinging upward to its more normal course 
under the orbital roof. 


FIG. $. 


Fic. 4. Case iv. Mild “J” shaped contour of sella 


turcica is shown with erosion of the underside of 
the Eft anterior clinoid process. Crescent shaped 
air centour of the chiasmatic cistern underlies the 
optic chiasmal tumor which, according to Evans ef 
al. ^ 5 the most specific pneumoencephalographic 
sign of optic chiasmal glioma. Coronal suture 
diastasis gives evidence of increased intracranial 
pressire of some duration. 





Case v. Preoperative half-axial view shows 


extensive erosicn of internal auditory canals and 
medial portions of both petrous bones due to bi- 
lateral acoustic tumors. Note silver clip on the 
right side near skull base where two high cervical 
neurcnbromata and a spinal accessory neuro- 
fibroraa were removed 8 years previously. 


“From the age of 27 to the age of 30 vears, he 
experienced progressive hearing loss of the 
right ear, followed by hearing loss of the left ear. 
At surgery, a large right acoustic neurinoma 
was excised. Another tumor was seen attached 
to the meninges anterior to the medulla which 
could not be removed because of apnea which 
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occurred when traction was applied to the 
tumor. Postoperatively, following a 2 week 
period of coma, the patient recovered to the 
current alert status with persistent extremity 
paresis, marked ataxia, and deafness with glot- 
tic and vocal cord paralysis. A half-axial skull 
roentgenogram (Fig. $) prior to removal of the 


aN 





Itc. 6. Case vi. (4) Well defined left lambdoid bone defect with elevation and underdevelopment of ipsilateral 
petrous bone. (B) Submentovertical view showing mandibular deformity, left lambdoid bone defect and 
asymmetry of the middle fossae. The left greater sphenoid reflection (anterior boundary of middle fossa) is 
set further forward, but no orbital wall defect or exophthalmos was present. (C) Anterior projection of 
technetium ggm brain scan demonstrates the pattern of increased activity in the left anterior occipital 
region. (D) Left lateral scan shows that the activity area conforms to the lambdoid bone defect. No neuro- 
fibroma was present on examination in this area. Electroencephalogram and left cerebral arteriogram were 


interpreted as normal. 
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right acoustic neurinoma demonstrated petrous 
bone erosions due to bilateral acoustic neuri- 
nomas. A mercury 203 brain scan and bilateral 
cerebral arteriograms showed no other evidence 
of tumor prior to the latest surgery at the age of 
30 years, 


Case vi. S.L.K., Hosp. No. 65-2 3804. This 45 
year old white married female was admitted 
for evaluation of a left post-auricular skull de- 
fect, first noticed by the patient on palpation of 
a tender area behind the left ear. The patient’s 
father and brother showed marks of the disease. 
Observation of the patient showed numerous 
nodules and café au lait spots over her body. 
Cranial nerve examination was normal! except 
for a right seventh nerve paresis. No central 
nervous system symptoms were elicited. A half. 
axial roentgenogram (Fig, 6.4) showed a dis- 
tmet left lambdoid suture defect with elevation 
and underdevelopment of the ipsilateral petrous 
bone. A submentovertical view (Fig. 6B) dem- 
onstrated mandibular deformity and deformity 
of the left greater sphenoid wing reflection 
(anterior wall of middle cranial fossa). Techne- 
tum ggm brain scans (Fig. 6, C and D) re- 
vealed an unexplained pattern of increased 
activity in the region of the left lambdoid bone 
defect. An electroencephalogram and left cere- 
bral arteriogram were interpreted as normal. 


DISCUSSION 


The persons surveyed in this study repre- 
sent approximately one-sixth of the 39 
Known patients with neurofibromatosis 
hospitalized between 1954 and 1966 at the 
Kansas University Medical Center. Efforts 
were made to locate other cases in the 
metropolitan Kansas City area for survey 
skull roentgenograms. Five more patients 
were found and skull roentgenograms were 
made. None of these showed skull changes. 
These additional cases had been seen pre- 
viously for removal of plexiform neuromas 
and scoliosis problems. 

Interestingly, 3 out of the 6 patients re- 
ported here had left lambdoid skull defects, 
a finding recently discussed by Joffe,® but 
apparently undocumented in the English 
literature before that time. Autopsy of 1 
patient (Case 11) revealed the lambdoid de- 
fect to be a local thinning of bone without 
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overlying or underlying tumor cyst, or? 
other recognizable abnormality. This is 
essentially the same pattern seen with 
many other bony cystic and erosive appear- 
ing lesions in neurofibromatosis. One pa- 
tient (Case vt) had an abnormal pattern of 
increased radioactivity in the area of the 
bone detect. This has not been previously 
recorded, to the author’s knowledge. Again, 
other examinations failed to reveal an under- 
lving tumor or explanation for the pattern 
of activity. Examples of right lambdoid 
suture detects could not be found in the 
material available. 

Although they are more common, 
changes of the bony orbit were not in- 
cluded in this presentation. These changes 
are extensively discussed by Burrows.” 
However, some of the other deformities of 
the calvarium, facial bones, and mandible 
are illustrated (Cases 1 and vi). These dis- 
tortions of bone width, length and contour 
can be diagnostic of neurofibromatosis, es- 
pecially when more than one cranial bone is 
involved. 

Enlargement or erosion of skull foramina 
due to expanding cranial nerve tumors is 
commonly found in neurofibromatosis 
(Cases n1, 1v and v). Especially is this true 
ot the optic gliomas (the most common 
manifestation of the disease in children) 
and the acoustic neurinomas. The optic 
ghomas, as pointed out by Marshall,’ may 
produce characteristic changes of the an- 
terior sella turcica and optic canal due to 
regional pressure. This subject has been re- 
cently reviewed by Evans ef a/.4 Contrary 
to earher reports, suprasellar extensions of 
optic ghomas may occasionally show calci- 
fication. In younger patients, this tumor 
calcification may stimulate the more com- 
mon cramopharyngioma. Lindgren and Di 
Chiro,* reporting on calcifying suprasellar 
tumcrs in children, found 3 of their series of 
9 optic glioma cases with visable suprasellar 
calcification (note Case m1). 

Case 11 illustrates one of the less frequent 
intracranial tumors, the central gliomas. 
Other tumors, often slow growing, are found 
with this disease. Meningiomas (especially 
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of the posterior fossa and often multiple) 
and other rarer tumors have been reported.!" 
Arteriography, gas encephalography, and 


isotopic scanning procedures may be es- 
pecially helpful in localizing these various 
tumors, found particularly in the middle 


vears of life. As noted by others,” neuro- 
fibromatosis patients with central nervous 
system disease usually show few or none of 
the classic cutaneous signs of the disease. 
Also, it is unlikely that the well marked 
neurofibromatosis patient would have any 
of the central nervous system tumors. 

Tumors within the spinal cord are less 
common than tumors of the nerv 
the cord in this condition. However gliomas, 
especially astrocytomas and ependymomas 
of the cord are reported. Meningoceles, es- 
pecially of the dorsal and lumbar regions, 
are fairly common. Case v den onstrated 
the frequent association of neurofibromas 
of the cord nerve roots with bilateral 
acoustic nerve tumors. These same e people 
not infrequently have multiple meningio- 
mas of the posterior fossa and of the spinal 
cord sheath. 


SUMMARY 


Six patients are reported illustrating 
some of the skull and intracranial manifesta- 
tions of neurofibromatosis. These lesions, 
consisting of skull contour changes and 
various skull bone defects, are sometimes 
associated with a variety of intracranial 
tumors. 

Neurofibromatosis patients with central 
nervous sv stem tumors usually shew few Or 
none of the classic cutaneous marks of the 
disease. 


The cases reported here further support 
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the interesting observation of a distinct 
roentgenologic sign in neurofibromatosis: 
the local calvarial defect of the left lamb- 
doid suture. 


Department of Radiology 

Kansas University Medical Center 

Rainbow Boulevard at 39th Street 

Kansas City, Kansas 66103 
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NEUROFIBROMATOSIS* 


By WILLIAM T. MESZAROS, M.D., FRANCIS GUZZO, M.D., 
and HILDEGARDE SCHORSCH, M.D. 


CHICAGO, ILLINOIS 


EUROFIBROMATOSIS is a con- 

genital and familial? disease with 
widespread manifestations, such as lesions 
of the skin, tumors of the central and pe- 
ripheral nervous system, and abnormalities 
of bone. The diagnosis is usually obvious 
when there are multiple cutaneous neuro- 
fibromas associated with pigmented lesions 
(café au lait spots). These characteristic 
lesions, however, are not always present, 
and may be so overshadowed bv bizarre 
bone and soft tissue manifestations that the 
clinical diagnosis may be difficult. 


PATHOGENESIS 


Neurofbromas develop from nerve 
sheaths, but there is disagreement as to the 
cellular origin. The problem is whether 
neurofibromas develop from the neuro- 
ectodermal sheath cells of Schwann, or from 
the mesodermal connective tissue elements 
of the nerve sheath, or both. Saphir? feels 
that both origins are likely because of the 
marked variation of the histologic pattern 
in neurofibromatosis. 

Since it is difficult to explain the numer- 
ous bone abnormalities on the basis of in- 
volvement of the nervous system, it is be- 
lieved that there is an associated mesoder- 
mal dysplasia, as noted by Holt and 
Wright?) and emphasized by Huntand 
Puch.” 

Other abnormalities described in associa- 
tion with neurofibromatosis and which are 
dificult to explain include osteomalacia," 
endocrine abnormalities,” and vascular in- 
volvement.!® 

SKIN 


The typical skin lesions of neurofibro- 
matosis are soft skin nodules (fibroma mol- 
luscum). These vary considerably in size, 
and may be sessile or pedunculated. At 
times, growth may be rapid. Remission also 


occurs. Sarcomatous change develops in 5 
percent to 16 per cent. 

The skin nodules are frequently asso- 
ciated with areas of pigmentation. These 
pigmented areas (café au lait spots) are 
brownish macules which vary considerably 
in size. They usually have smooth borders, 
which distinguishes them from the café au 
lait spots of fibrous dysplasia, which tend 
to have irregular ragged margins. When the 
classic skin lesions are present, the clinical 
diagnosis is obvious, but skin lesions are not 
always present. 

The skin nodules projecting over the 
chest may cast soft tissue shadows simulat- 
ing pulmonary metastases. Their soft tissue 
location can be established by roentgeno- 
logic examination in multiple projections, 
or by painting them with barium paste.” 
The roentgenologic appearance of the soft 
tissue nodules has been referred to as the 
“button sign” by Miller eż al. 


GASTROINTESTINAL TRACT 


Neurogenic tumors of the gastrointes- 
tinal tract are rare. We have observed 1 
case of gastric neurofibrosarcoma and 2 
cases of neurofibroma of the small bowel. 
None of these cases had evidence of sys- 
temic neurofibromatosis. 

In a study of 1,399 cases of benign tu- 
mors of the small bowel, River ez a/.*® found 
neurogenic tumors in 6.5 per cent. Of these, 
only 17 per cent had cutaneous manifesta- 
tions of neurofibromatosis. Of 57 cases in 
which the location was specified, the tumor 
was extraluminal in 25, intraluminal in 18, 
intramural in 6, and combined in 7. 

The symptoms and findings listed by 
River ef al., in order of decreasing fre- 
quency, included pain, hemorrhage, nau- 
sea, vomiting, mass, distention, constipa- 
tion, diarrhea, weight loss and cachexia. 


* From the Departments of Radiology of Cook County Hospital and Illinois Masonic Hospital, Chicago, Illinois. 
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lic. 1. Gastric neurofibrosarcoma. Large submucosal 
mass, with sharp margins. Mucosa intact. 





ic. 2. Jejunal neurofibroma in a 48 year old woman. 


Extraluminal pedunculated tumor, 3X1.§ cm. 


Pressure on adjacent loops of small bowel resulting 
in “blank space” effect. (Reproduced with permis- 
sion from Postgraduate Medicine.*") 


Complications were intestinal obstruction, 
intussusception and volvulus. 

The roentgenologic findings have been 
summarized by River and Schorsch*® and 
by Marshak et al?’ Neurogenic tumors 
may be single or multiple, benign or malig- 
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nant. They are indistinguishable from other 
extramucosal tumors. They present as 
sharply outlined submucosal or intra- 
luminal filling defects. This is well demon- 
strated by our case of neurofibrosarcoma of 
the stomach (Fig. 1). 

If the tumor grows outward (subserosal), 
it may be more difficult to visualize. Its 
presence may be detected only by extrinsic 
pressure on adjacent loops of small bowel, 
as demonstrated by one of our cases of 
neurofibroma of the small bowel (Fig. 2). 
This separation of loops of small bowel has 
been referred to as the “blank space” effect 
by Good." 

Manifestations of obstruction, volvulus 
or intussusception may obscure the primary 
lesion. Intussusception was present in 1 of 
our cases of neurofibroma of the small 
bowel (Fig. 3). 

Ulceration is not unusual. If the ulcer is 





ic. 3. Jejunal neurofibroma in a 45 year old man, 
“Coil-spring” effect near ligament of Treitz due to 


intussusception. (Reproduced with permission 


from Postgraduate Medicine.*) 
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irregular and unusually large, sarcomatous 
change should be suspected.?*:*! 

An unusual manifestation of neurofibro- 
matosis of the colon was recently described 
by Staple eż a/." There was plexiform neuro- 
fibromatosis of the colon which simulated 
Hirschsprung’s disease. Roentgenologically, 
the rectum and distal sigmoid were some- 
what narrowed, whereas the remainder of 
the colon was dilated and atonic. Histo- 
logically, there was an increase in size and 
number of the nerves of the myenteric and 
submucosal plexuses. Generalized neuro- 
fibromatosis was present, with multiple 
subcutaneous masses and gigantism of the 
right lower extremity. 


CHEST 


In neurofbromatosis there are 3 causes of 
a thoracic mass: (1) “dumbbell?” neuro- 
fibroma, (2) intercostal neurofibroma or (3) 
intrathoracic meningocele. 

“Dumbbell” Nenurofbroma. The mass is 





lic. 4. Intercostal neurofibroma in a 32 year old man. 
Lateral intrathoracic mass with extrinsic pressure 
changes on ribs. 
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Rib notching due to intercostal 
neurofibromatosis. 


FIG. 5. 


located in the posterior mediastinum. It 
arises 11 the spinal canal and extends into 
the chest by way of the intervertebral fora- 
men. Its intraspinal origin may be demon- 
strated by roentgenograms of the thoracic 
spine. There is widening of the interverte- 
bral foramen. Pressure defects may be noted 
on the pedicles, vertebral body, or posterior 
ribs. 

Lutercostal Neurofibroma. Occasionally, a 
neurofioroma arises from the peripheral 
portion of an intercostal nerve. In such 
cases, the tumor is not located in the pos- 
terior mediastinum. The lesion may extend 
into the chest, simulating a lung tumor. 
Extrinsic pressure defects on the adjacent 
ribs testify as to the long duration of the 
intercostal neurofbroma (Fig. 4 and 5). 

/ntrethoracie Meningocele. Another cause 
of a theracic mass in the presence of neuro- 
fibromatosis is an intrathoracic menin- 
gocele™ (Fig. 6, Æ and B). Three-fourths of 
reported cases of intrathoracic meningocele 
have been associated with neurofibroma- 
tosis. [f a patient with neurofibromatosis 
las a thoracic mass, a meningocele is more 
likely than a neurogenic tumor.’ 








Fic. 6. Intrathoracic meningocele. (4) Large mass 
in the lower right chest. (B) Posterior locaticn. 
Intervertebral foramina are widened. 


The lateral thoracic meningocele varies 
considerably in size. It may be massive, 
filling most of the hemithorax. In other 
cases, meningoceles are so small that their 
outline is not visualized on the roentgeno- 
gram. Their presence may be suspected, 
however, if several intervertebral foramina 
are enlarged, since multiple foraminal en- 
largement is more often due to menin- 
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goceles than neurofibromatous tumors.?’ 
The intrathoracic meningocele extends 
into the chest through an intervertebral 
foramen in the same manner as a “dumb- 
bell” neurofibroma. On plain roentgeno- 
grams, therefore, an intrathoracic menin- 


g 
gocele is indistinguishable from an intra- 
thoracic neurofibroma. There is a posterior 
mediastinal mass, with associated inter- 
vertebral foraminal widening, and pressure 
defects on the pedicles, vertebral bodies, 
and posterior ribs. 

The presence of a meningocele is con- 
firmed by myelography, which demon- 
strates communication between the sub- 
arachnoid space and the intrathoracic 
mass. Because of the large volume of con- 
trast material necessary to opacity the 
mass, gas myelography is preferable to 
opaque contrast miaterial. 20.28 


BONE CHANGES 


The bone changes in neurofibromatosis 
have been documented in the classic de- 





Fic. 7. Twenty-three year old man with erosion and 
invasion of the medial aspect of the left pelvis due 
to neurofibrosarcoma of adjacent soft tissues. 
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scription of Holt and Wright.7 The inci- 
dence of bone involvement has been re- 
ported as high as 29 per cent” and §1 per 
cent.” The true incidence of bone abnor- 
malty is difficult to state, since it varies 
with the extent of the roentgenologic ex- 
amination. 

Roentgenologic survey of all bones is ad- 
vised in patients with neurofibromatosis. 
This will result in a better appreciation of 
the incidence of bone changes. It is also be- 
lievec that more bone abnormalities will be 
detected in asymptomatic locations. Fur- 
thermore, there will be a better under- 
standing of the natural history of the le- 
sions. 


KY PHOSCOLIOSIS 


Kyphoscoliosis 1s one of the most char- 
acteristic osseous abnormalities of neuro- 
fbromatosis (Fig. 8; and 9, 4 and B). 
Scoliosis is present in 10 per cent of patients 
with neurofbromatosis.”* Scoliosis has been 
found in up to 43 per cent of patients with 
neurofibromatosis who have bone abnor- 
malities.” 

A mild and non-characteristic scoliosis 
may occur if there is difference in the length 
of the lower extremities due to growth dis- 





Fic. &. 


Angular scoliosis which caused paraplegia 
In a 27 year old woman. Some ribs show an at- 
tenuated “twisted-ribbon” appearance. 
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l'ic. 9. Scoliosis in an 8 year old girl. (4) Sharp angu- 
lar thoracic scoliosis with dysplastic rib deformi- 
ties. (8) Extreme kyphosis. Overlying soft tissue 
mass is a neurofibroma. 


turbance. This should not be confused with 
the characteristic type of scoliosis which 
occurs in neurofibromatosis. 

The typical scoliosis of neurofibromatosis 
is very acute and angular, extending over a 
relatively short distance, as contrasted to 
the long smooth curve of idiopathic scolio- 
sis. The lower thoracic region is most 
commonly involved, but in some cases the 
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`~ 
dèformity occurs in the cervical or lumbar 
region. Kyphosis often predominates over 


scoliosis. The deformity may be so severe 
that paraplegia develops.” 

The pathogenesis of the scoliosis is ob- 
scure. Heard eż al." listed § possible etio- 
logic factors: (1) neurofibromatous infiltra- 
tion, (2) extrinsic pressure erosion from 
local tumor, (3) osteomalacia, (4) osteo- 
porosis due to muscular weakness, and (5) 
mesodermal dysplasia. 

Although neurogenic tumors have been 
found at the site of scoliosis,’:!! in many 
cases neurotibromatous tissue 1s absent at 
surgery.”? For this reason the mesodermal 
dysplasia theory is attractive. This etiology 
is also suggested by the bizarre appearance 
of the vertebrae, which may be so deformed 
that their individual contours are scarcely 
recognizable. The mesodermal dysplasia 
theory, however, fails to explain the ab- 
sence of similar deformities of the long 
bones (unless congenital bowing 1s con- 
sidered analogous). 

The presence of a meningocele has been 
noted in the region of vertebral scoliosis.°:”° 
This cannot be a constant causative factor, 
since a meningocele is not always present. 

As a significant factor producing scoliosis, 
we believe that there is vertebral weakening 
due to pressure erosion from a dilated dural 
sac. In 1 case of scoliosis, we observed 
diffuse dilatation of the dural space, plus 
multiple small lateral meningoceles. Loop 
et al? have demonstrated meningeal dilata- 
tion at the site of scoliosis, without asso- 
ciated meningocele formation. Additional 
myelographic studies are needed to confirm 
the constancy of these findings. 


PRESSURE EROSION OF BONE 


Neurofibromas erode adjacent osseous 
structures by pressure. This has been re- 
ferred to as the “pit” or “cave” appear- 
ance.** These lesions are typically noted in 
long bones. In advanced cases, neurofibro- 
mas extend into and replace bone (Fig. 7), 
and may produce osseous deformity.” 

In the skull, pressure erosion may cause 
widening of the foramina. In the spine, 
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widening of the intervertebral foramina is a 
familiar manifestation. Associated pressure 
defects are commonly noted on the pedicles 
and vertebral bodies. 

There are several tvpes of rib involve- 
ment. Erosion of a rib near its vertebral 
margin occurs with a “dumbbell” neuro- 
fibroma or lateral meningocele. Rib erosion 
in other locations occurs due to neuro- 
fibroma of a distal portion of an intercostal 
nerve (Fig. 4). Occasionally, multiple 
intercostal neurofibromas produce “notch- 
ing’ of the inferior rib margins similar to 
coarctation of the aorta (Fig. 5). Another 
deformity of the ribs has been described as 
the “twisted ribbon” appearance by Holt 
and Wright (Fig. 8). The ribs are thin and 
elongated, and scoliosis is frequently but 
not invariably associated. The “twisted 
ribbon” appearance may be explained by 
local pressure erosion,’ but since some of 
these patients do not have intercostal 
neurohbromas,” a dysplastic etiology is 
most likely. 


OVERGROWTH OF BONE 


Overgrowth may occur in the skull, 
mandible or pelvis, but the extremities are 
most frequently involved (Fig. 10). Any or 
all of the extremities may be attected, often 
resulting in gigantism. 

Overgrowth of bone is usually associated 
with elephantiasis-like enlargement of the 





lic. 10. Bone overgrowth in a 14 year old boy. Bones 


are elongated and slender. Elephantoid hyper- 
trophy of the soft tissues. 
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overlying soft tissues (Fig. 10). The soft 
tissue mass contains a diffuse (plexiform) 
neuroma, as well as hemangiomatous and 
lymphangiomatous elements. 

On roentgenologic examination, the af- 
fected extremity is increased in length. The 
bones may show a sinuous “‘S’’-shaped 
tortuosity. Irregular periosteal thickening 
occasionally occurs. 

The bones may be either increased or de- 
creased in width. Combinations of hyper- 
plasia and hypoplasia occur, resulting in 
distorted growth. 

Overgrowth of bone has been explained 
as being due to an increased blood supply,” 
but mesodermal dysplasia may also be a 
factor. 


HYPOPLASTA OF BONE 


Hypoplasia of bone may be observed as a 
decrease in width. This mav be present 
even though the bone is increased in length. 

The hypoplastic “twisted ribbon” appear- 
ance of the ribs has been mentioned above. 

An interesting type of hypoplasia occurs 
in the skull of patients with neurofibroma- 
tosis. This is manifested as an absence of 
the posterosuperior wall of the orbit, and is 
assoc:ated with exophthalmos. Generalized 
neurchibromatosis may or may not be pres- 
ent. The defect was first described in 1933 
by LeWald” in 4 patients, 2 of whom had 
neurofibromatosis. Hunt and Pugh” found 
orbital defects in 7 per cent of 192 patients 
with neurohbromatosis. In 6 cases of con- 
genital unilateral exophthalmes, Bruwer 
and Kierland! found evidence of neurofibro- 
matosis in ç. Although we have seen only 1 
patient with this abnormality, it has been 
observed with sufficient frequency to be 
considered a characteristic osseous mani- 
festation of neurofibromatosis.22 Since 
neurofbromatous tissue may not be present 
at surgery, Hunt and Pugh feel that this de- 
fect is due to mesodermal dysplasia, rather 
than to localized pressure erosion. 

Roentgenologically, there is an absence 
of bene in the posterosuperior wall of the 
orbit. The orbital defect also involves both 
wings of the sphenoid and a portion of the 
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frontal bone. Other findings include ew” 


largement of the orbit, elevation of the 
sphenoid ridge, deformed or absent clinoid 
processes and enlargement of the middle 
cranial fossa." 

An unusual type of hypoplasia is “cra- 
nium bifidum,’ a large defect in the pos- 
terior aspect of the skull adjacent to the 
midline. 

A special type of osseous hypoplasia is 
manifested by congenital bowing and 
pseudarthrosis. 


CONGENTTAL BOWING AND PSEUDARTHROSIS 


Bowing and pseudarthrosis usually occur 
together. Generalized neurofibromatosis 
may er may not be present. The association 
of pseedarthrosis with neurofbromatosis 
was first observed by Ducroquet!® who re- 
ported 11 patients, 9 of whom had neuro- 
fibromatosis. 

Bowing of the tibia and fibula is usually 
anterior and may be present at birth. Pseu- 
darthresis usually develops at the middle or 
lower third of the tibia and/or fibula, and 
may oecur after fracture, osteotomy or 
spontaneously, 

Roentgenographically, the ends of the 
bone are rounded and smooth. There is a 
“pencil-point” appearance of the tibia or 
fibula due to tapering and pointing of the 
bone ends. In some cases, the bone ends are 
considerably separated, due to hypoplasia 
of bony tissue (Fig. 114). 

Green and Rudo described the presence 
of intra-osseous neurofibromatous tissue at 
the site of the pseudarthrosis. Usually, 
however, these histologic findings are not 
demonstrated. Aegerter,! for instance, ex- 
amined 1§ cases and found only masses of 
fibrous tissue. More recently, Aegerter and 
Kirkpatrick? stated that the fibro-osseous 
tissue interposed between the bone ends is 
the result and not the cause of the abnor- 
malitw. They concluded that defective bone 
formation was the basic cause of the pseud- 
arthrosis. This correlates well with the fre- 
quent roentgenologic evidence of localized 
absence of bone in the fibula in association 
with tibial pseudarthrosis. 
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FIG. 


11. (4) Pseudarthrosis involving the tibia. 
Marked hypoplasia of fibula, with “pencil-point” 
tapering. (B) Madelung’s deformity of the forearm 
in the same patient, an 11 year old girl. 


INTRA-OSSEOUS RADIOLUCENT LESIONS 


Benign intra-osseous “‘evstic-like” radio- 


lucent lesions due to neurofbromatous 
tissue in bone have been described by sev- 
eral authors.?®1!:14132 Documentation has 
varied from good’ to incomplete.*® The exis- 


tence of this type of lesion must be ac- 
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cepted in spite of its infrequency. A ma- 
lignant intra-osseous neurogenic tumor 
also occurs,” but is even more uncommon. 

In addition to neurofibromatous tissue 
within bone, there are several other circum- 
stances in which there appears to be an 
intra-osseous radiolucency. 

An intra-osseous lesion may result from 
the deposition of a periosteal shell of bone 
around a lesion originally external to the 
bone.*:'97!:3° “The result is a periosteal 
neurohbroma (“subperiosteal bone cyst”) 
which protrudes outward and is not mainly 
intra-osseous. 

In some circumstances, an intra-osseous 
detect may be more apparent than real. For 
instance, an extrinsic pressure defect on the 
margin of a bone may simulate an intra- 
osseous radiolucency, unless the lesion is 
studied in 2 projections (Fig. 138). Altera- 
tion of the trabecular pattern in association 
with bowing may simulate the margins of 
an intra-osseous defect. 

A non-osteogenic fibroma may be present 
as an incidental finding, and should not be 
mistaken for a neurofibromatous lesion. 

Hunt and Pugh” suggested osseous 
dysplasia as a cause of intra-osseous radio- 
lucent lesions. 

Osseous radiolucencies could be explained 
by considering fibrous dysplasia to be in 
some way related to neurofibromatosis,!:” 
but it is generally felt that these conditions 
are separate entities.”! 

In spite of the several possible causes, 
intra-osseous radiolucent lesions are quite 
rare. 


BONE SCLEROSIS 


Sclerosis of the bone is rare, but does 
occur in neurofibromatosis. McCarroll?’ 
found sclerosis in 2 cases, which he inter- 
preted as “‘melorheostosis.”’ In both cases 
there was overlying soft tissue hypertrophy. 
Friedman! also reported a case with sclero- 
sis. Disordered growth was present, with 
hypoplastic features predominating. There 
was cortical thickening, coarse linear med- 
ullary sclerosis, and cyst-like areas. 

We have observed a case of sclerosis, 
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associated with hypertrophy of the overly- 
ing soft tissues. The sclerosis affected the 
clavicle, scapula, humerus, radius and ulna. 
Cortical thickening and sclerosis were the 
most prominent findings, but medullary 
sclerosis was also present. In some of the 
sclerotic areas there was a definite 
“smudged”’ appearance similar to that ob- 
served in fibrous dysplasia (Fig. 13, 4 and 
8), 

We believe that osseoussclerosis is a mani- 
restation of osseous dysplasia occurring in 
neurofibromatosis. 


CONGENITAL BONE A BNORMALITIES 


There is an increase in the frequency of 
congenital osseous abnormalities in patients 
with neurofibromatosis. Hunt and Pugh” 
found 33 abnormalities in a series of 192 
patients. Most of these were unimportant, 
such as spina bifida, sacralization and in- 
terrib fusions. 

Spondylolisthesis was found in 4 cases 
by McCarroll and in 2 cases by Hunt and 
Pugh, but there were no illustrations. We 
have observed 1 case of spondylolisthesis, 
consisting of anterior and lateral displace- 
ment of the 4th lumbar vertebra (Fig. 12, 
4 and B). There was a large neurofibroma 





liG. 12. Spondylolisthesis in a $9 year old man. (4) 
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in this region, which is believed to be ya” 
sponsible for the spondylolisthesis. There 
was no evidence of a congenital defect in the 
pars interarticularis. 

In 1 of our cases there was a typical 
‘“Madelung’s” deformity of the distal radius 
and ulna (Fig. 118). (Miller ez a@/3 pre- 
viously reported the presence of Madelung’s 
detormity in this patient, but did not in- 
clude & roentgenologic illustration.) 


CENTRAL NERVOUS SYSTEM 


Neurofibromas of the central nervous 
system are often multiple. 

Neurofibromas of the cranial nerves are 
not uncommon. Acoustic neuromas may 
produce enlargement of the internal acous- 
tic meatus. Optic nerve tumors may result 
in widening of an optic foramen. 

Neurofibromas arising from the spinal 
canal usually arise as extradural tumors 
from the root sheaths of the spinal nerves. 
They often extend through the interverte- 
bral foramen, with pressure defects on the 
intervertebral foramen, vertebrae, and ad- 


jacent ribs. Neurofibromas may also arise 


intradurally. These produce early symp- 
toms of cord compression, and seldom pro- 
duce changes in ordinary roentgenograms. 


Anterior displacement of the fourth lumbar vertebra, 
No defect in the pars interarticularis. (B) Frontal view demonstrating displacement of the fourth lumbar 
vertebra to the left due to a large neurofibromatous soft tissue mass in the lower right lumbar region. Ex- 
trinsic pressure defects on the lower lumbar vertebrae 


and rigat transverse processes. 
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lic. 13. Multiple abnormalities in a 17 year 
old girl. (4) Cortical thickening. Medullary 
sclerosis in proximal ulna. Hypertrophy of 
the overlying soft tissues. (B) Roentgeno- 
gram demonstrating: (1) cortical thickening 
and sclerosis of the scapula, humerus, ribs 
and clavicle, (2) “‘smudge’’-like sclerosis of 
the clavicle, (3) extrinsic pressure defects on 
the margins of the humeral neck and adja- 
cent scapula, (4) “‘intra-osseous”’ radiolucen- 
cies in the humeral head and neck, probably 
extrinsic-pressure erosions seen “en face,” 
(5) suprascapular neurofbroma, (6) dys- 
plastic ribs and (7) enlarged intervertebral 
foramina. (C) Myelogram demonstrating 
multiple small lateral meningoceles, which 
lie within and enlarge the intervertebral 
foramina. There is diffuse dilatation of the 
dural sac. Scoliosis is present. 
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Patients with neurofibromatosis show an 

increased incidence of other types of tu- 

mors, such as gliomas and meningiomas. 

Myelography. Neurofibromatous tumors 
may produce one or more filling defects in 
the myelogram. Another finding, which is 
less well known, is generalized dilatation of 
the subarachnoid space. This dilatation of 
the dural sac may occur without the pres- 
ence of neurofibromatous tumors, and 1s 
thought to be due to mesodermal dysplasia 
involving the meninges.™?*® This corre- 
lates with the opinion of Turner and Gard- 
ner, who felt that neurofibromatosis might 
represent a defect in the supporting or bind- 
ing tissues of the nervous system. 

We have observed concave detects on the 
posterior vertebral margins in the absence 
of tumors, as have others.®!8:?":?8.41 Tt should 
be emphasized that these posterior verte- 
bral defects are produced by anterior sac- 
like protrusions of the dilated dural sac (Fig. 
14), and mav occur without the presence of 
meningoceles or neurofibromas. 

Meningoceles are produced by lateral sac- 
likeprotrusions of the dilated dural sac (Fig. 
13 C). These meningoceles protrude through 
the intervertebral foramina. A meningocele 
may produce enlargement of an interverte- 
bral foramen without the presence of a 
localized neurofibroma, as we have observed 
roentgenographically. This has been de- 
monstrated surgically by Loop ef al.” If 
multiple intervertebral foramina are en- 
larged, meningoceles are more likely to be 
present than neurofibromatous tumors.”* 

In neurofibromatosis, meningoceles are 
most common in the thoracic area, but may 
also occur in the cervical,” lumbar" or 
sacral” regions. 


SUMMARY AND CONCLUSIONS 

Neurofibromatosis is a dysplasia which 
involves mesodermal as well as ectodermal 
elements. This results in a broad spectrum 
of roentgenologic findings. 

Three cases of neurofibromatous tumors 
of the gastrointestinal tract are illustrated. 

An example of bone sclerosis is docu- 
mented. 
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lic. 14. Myelogram of a boy with dorsal vertebral 
excavations. These excavations are produced by 
anterior sacculations of the dilated dura. Note 
absence of neurohbromatous tumor. 


Dilatation of the dural sac is illustrated 
and emphasized. Meningoceles, widening of 
intervertebral foramina, and erosion of 
postersor vertebral margins may be pro- 
duced by the dilated dural sac, without the 
presence of neurofibromatous tumors. 

We believe that vertebral weakening due 
to pressure from the dilated dural sac is a 
significant factor in the production of 
scoliosis. 

William T. Meszaros, M.D. 
836 W. Wellington Avenue 
Chicago, Illinois 60657 
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CEREBRAL LEPTOMENINGEAL CYSTS OF 


DEVELOPMENTAL ORIGIN* 


By CHARLES B. WILSON, M.D., and VURAL BERTAN, M.D. 


LEXINGTON, KENTUCKY 


NTRACRANIAL leptomeningeal 

(arachnoidal) cysts are collections of 
usually clear fluid enclosed by thin mem- 
branes. The term leptomeningeal indicates 
the resemblance of the membranous cover- 
ing to normal arachnoid and also describes 
the location of the cyst in relation to the 
meninges. Leptomeningeal cysts occur be- 


Jow!: 8:12.15, 26 and aboye? 42:6: 416,19, 21, 22, 25,27 
the tentorium, within the subarachnoid 
cisterns,!°'! and between the cerebral 


hemispheres.'® Omitting those cases clearly 
associated with fractures of the calvarium, 
the relationship of leptomeningeal cysts to 
trauma, infection, and developmental de- 
fects has been documented in few instances. 
A unitary theory of origin is presently un- 
acceptable, and an etiologic classification of 
leptomeningeal cysts based upon a review 
of the literature would be more confusing 
than useful. 

The purpose of this report 1s to present 
the roentgenologic features of a cerebral 
leptomeningeal cyst, the probable develop- 
mental origin of which was established by 
operation. The uncertain origin of most 
nontraumatic leptomeningeal cysts justi- 
fies the reporting of individual cases having 
clinical, roentgenologic and anatomic docu- 
mentation. 


REPORT OF A CASE 


U.H. 04-59-25-5. A 26 year old female entered 
the University of Kentucky Hospital on Sep- 
tember 17, 1965 with a chief complaint of epi- 
sodic left temporal headaches accompanied by 
diplopia, right hemiparesis, and numbness of 
the right side. Six episodes had occurred dur- 
ing the previous 2 years, the last 3 weeks betore 
admission. For at least 1 year, she had dropped 
objects from her right hand and had become 
aware of slight weakness in the right arm and 
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l‘rontal roentgenogram of skull showing 
thinning in the fronto-parietal area. 


Fic. I. 


hand. She denied head trauma and any illness 
involving the nervous system in the past. 

Examination of the patient disclosed mild 
weakness of the right upper extremity and 
slight facial asymmetry. Reflexes in the right 
arm were questionably hyperactive. Apprecia- 
tion of all sensory modalities was reduced over 
the entire right side of her body. The remainder 
of the physical examination was normal. 

Basic laboratory studies were normal. Plain 
roentgenograms of the skull (Fig. 1) revealed a 
large area of thinning involving the inner table 
and diploe in the left fronto-parietal area, the 
outer table of the skull remaining intact. A 
calcified pineal gland was shifted 10 mm. to the 
right of midline. 

Left carotid angiography was performed on 
September 23, 1965. Frontal views revealed 
displacement of the anterior cerebral artery and 
internal cerebral vein to the right of midline, 
and the surface vessels did not reach the inner 
table of the skull in the area of thinning (Fig. 
2). The sylvian vessels were displaced medially. 
lateral views were normal except for slight 
straightening in the second portion of the ante- 
rior cerebral artery. The angiographic findings 
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indicated a large, avascular, extracerebral mass 
overlying the left fronto-parietal convexity and 
extending into thetemporal fossa. The mass 
tailed to reach the vertex and lacked the charac- 
teristically biconvex contour of a chronic sub- 
dural hematoma. Clinical and roentgenographic 
findings led to a provisional diagnosis of cere- 
bral leptomeningeal cyst. 

The patient underwent craniotomy on Sep- 
tember 27, 1965. The dura bulged outward over 
a Broad area, ovoid in contour and with a 
clearly demarcated border conforming to the 


thinned area in the overlying skull. Reflection of 


the dura disclosed an arachnoid-like membrane 
through which aspiration produced clear, color- 
ess fluid resembling cerebrospinal fluid. A fine, 
opaque white line marked the attachment of the 
membrane to the normal arachnoid over the 
convex surface of the frontal and parietal lobes. 
The surface of the brain between the medial 
border of the cyst and midline had a normal ap- 
pearance and measured 4 cm. at the frontal pole 
and 8 cm. at the coronal suture (Fig. 3). Where 
the cyst was covered by bony calvarium, cyst 
wall lay in apposition to the inner dural sur- 





<- 


face. 

Excision of the superficial portion of the 
membranous cyst wall opened a cavity contain- 
Ing 150-175 cc. of clear fluid. The fluid was 
aspirated and thereafter the cavity remained 





Fic. 2. Frontal view of left carotid artericgram show- 
ing displacement of anterior and middle cere bral 
arteries, and depression of cortical branches away 
from the calvarium, 
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dry. The cortical surface of the frontal, parieta 
and temporal lobes formed the concave medfâ 
surface of the cavity. The gyri and sulci had 
normal proportions and the brain did not ap- 
pear to be compressed. The smooth, inner sur- 
face of the cyst was separated from the cerebral 
cortex by a layer of cerebrospinal fluid within 
the subarachnoid space. The cyst wall lying 
against the brain had the appearance of normal 
arachnoid and, when incised, proved to be the 
only structure separating cyst fluid from cere- 
brospinal fluid. 

The cranial base formed the floor of the cav- 
ity with the membranous cyst wall lying in 
direct apposition to, but separating easily from, 
the dura. The exposed portion of the anterior 
cranial fossa extended medially to the cribri- 
form pkate where the cyst wall became insepar- 
able from arachnoid covering the inferior fron- 
tal gvrus. The exposed portion of the middle 
fossa extended caudally onto the tentorium. 
The tree edge of the tentorium and the ambient 
cistern were just visible beneath the inferior 
temporal gyrus (Fig. 3). 

The cavity was filled with saline followed by 
routine craniotomy closure. The patient’s 
course following surgery was smooth, and she 
left the hospital on the fourth postoperative 
day. 

The excised portion of cyst wall had a histo- 
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Fic. 3. Artist’s drawing cf the cyst exposed 
at the time of operation. 








lig. 5. Frontal view of left carotid arterio- 
gram made 6 weeks fi lowing operation. 


logic appearance consistent with thickened 
arachnoid (Fig. 4). Mesothelial cells covered 
both surfaces of a thin membrane composed of 
collagen fibers. Evidence of infammation was 
lacking. Fluid within the cyst contained 17 mg. 
per cent protein, 60 mg. per cent glucose and 
25340 red blood cells. 

Six weeks following surgery, the patient 
entered the hospital for follow-up study. A left 
carotid angiogram showed no change from the 
preoperative angiogram (Fig: 5). A pneumo- 
encephalogram revealed slight asymmetry of 
the ventricular system, and minimal deformity 
of the left lateral ventricle with displacement to 
the right side (Fig. 6). No air entered the cyst 
initially, or 24 hours later. 

Six months following surgery, the patient 
denied symptoms. Weakness and sensory loss 
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had disappeared. Two headaches during the 
previous month were unlike her former head- 
aches. Plain skull roentgenozrams showed dis- 
placement of the pineal gland 3.5 mm. to the 
right of midline. 


DISCUSSION 


Starkman, Brown and Linell” published 
postmortem findings in a case almost iden- 
tical to ours. Their report contains clinical 
information, roentgenologic studies, and 
cross and microscopic descriptions of the 
cyst and underlying brain. They demon- 
strated the position of the cyst between two 
layers of arachnoid. The critical evidence 1n 
their case was a microscopic description of 
the brain where cyst wall attached to the 
normal arachnoid. At this point the arach- 
noid split, the outer portion continuing as 
the free wall of the cyst and the inner por- 
tion maintaining the position and appear- 
ance of arachnoid over the concave surface 
beneath the cyst. Terming the cyst intra- 
arachnoid, they argued ror its develop- 
mental origin. Robinson also presented con- 
vincing evidence for the congenital origin 
of leptomeningeal cysts involving the tem- 
poral fossa.'> 

Leptomeningeal cysts are known to 


follow trauma.2:!!:17:20:23.44 Taveras and 





Ic. 6. Frontal view of pneumoencephalogram 
made 6 weeks following operation. No air enters 
the cyst. 
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Ransohoftf® described the characteristic 
clinical and pathologic features of trau- 
matic leptomeningeal cysts. Traumatic 
cysts develop beneath a fracture typically 
involving the parietal bone in a child and 
the diagnosis offers little difficulty. The 
etiologic role of trauma in less typical cases 
must be accepted with reservation. 


Roentgenologic findings in the present 
case suggested the correct diagnosis before 


surgery. Localized thinning of the skull and 
the shift of midline structures indicated a 
long-standing mass. Angiographic demon- 
stration of an avascular, extracerebral 
structure narrowed the diagnostic possi- 
bilities and, lacking other evidence of a 


neoplasm, favored a localized collection of 


fluid overlying the brain. 

Air studies in previously reported cases 
have been diagnostic only in instances 
where air reached the cvst.!"" The cyst 
in our case did not fill with air following 
operation, even after 24 hours, and it seems 
unlikely that air would have entered the 
cvst betore operation.” Air studies will not 
establish the diagnosis of an intra-arach- 
noid cerebral cyst unless air is injected 
directly into the cvst. Angiography should 
suggest the correct diagnosis, but verifica- 
tron must await gross visualization of the 
erst: Displacement of the pineal gland, 
shown in the present case and in others, 5-7? 
does not necessarily indicate increased intra- 
cranial pressure which may, or mav not, be 
associated with these cysts. 

Operative findings in our case support 
the contention of Starkman and co-work- 
ers” that one variety of leptomeningeal cvst 
lies within the arachnoid, Ze., intra-arach- 
noid. Cyst fluid in our case resembled 
cerebrospinal fluid, although no communi- 
cation between the cyst and the subarach- 


noid space was visualized at the time of 


surgery or demonstrated bv pneumo- 
encephalography. We assume that the mem- 
branous cyst wall was permeable. 

Localized thinning of the skull rarely 
occurs bevond childhood.’ Accepted as an 
indication of a long-standing process, bone 
erosion produced by an underlving cvst, 
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with or without a generalized increase #f 
intracranial pressure, can be explained by 
the water-hammer effect of cerebral pulsa- 
tions. 

Surgical management of leptomeningeal 
cysts has varied. Internal drainage into the 
subarachnoid space or cerebral ventricle is 
Appere in principle but lacks justifica- 
tion by proof of permanency. Simple re- 
moval of a superficial portion of the cyst 
wall has proved successtul on short-term 
analysis in our case and in others. Return of 
the displaced pineal gland toward midline 
in the present case indicates an alteration 
in intracranial hydrodynamics. Almost cer- 
tainly, the cyst wall is capable of regenera- 
tion, and only long-term follow-up will 
deter: mine the effectiveness of simple drain- 
age im the treatment of cerebral intra- 
arachnoid cysts. 





SUMMARY 


The pathogenesis of nontraumatic cere- 
bral leptomeningeal cysts has seldom been 
documented. Clinical, roentgenologic and 
anatemic observations in a single case are 
presented. The cyst did not communicate 
with the subarachnoid space, and evidence 
favored an intra-arachnoid cyst of develop- 
mental origin. Clinical and roentgenologic 
features of this variety of leptomeningeal 
cyst should permit preoperative recogni- 
tion. 


Charles B. Wilson, M.D. 
Division of Neurosurgery 
University of Kentucky 
College of Medicine 
Lexington, Kentucky 40504 
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RADIOLOGIC DETECTION OF ASTROCYTOMA P 
INVOLVING THE CORPUS CALLOSUM* 


By JOHN HOWIESON, M.D.,t and J. W. D. BULL, M.D, 


QUEEN SOVARE » LONDON, ENGLAND 


HE corpus callosum is the main com- 
missure connecting the cerebral hemi- 
spheres. In the midline sagittal section of the 
brain, it is an arched structure, about 10.0 
em. in length, lying at the bottom of the 
longitudinal fissure. Its anterior end, the 
genu, lies 4.0 cm. from the anterior pole and 
its posterior end, the splenium, which is the 
thickest part of the corpus callosum, lies 
6.0 cm. trom the occipital pole. Its upper 
surface is covered by a thin laver of gray 
matter, the indusium griseum. It forms the 
roof of the bodies of the lateral ventricles. 
The pericallosal arteries sweep around its 
anterior end in close proximity to the genu 
and run posteriorly on its upper surface. 
The difficulty of establishing a clinical 
diagnosis of tumor of the corpus callosum 
is wel known. 7 It is not surprising, 
therefore, that extension of an infiltrating 
malignant tumor of the brain into the 
corpus callosum is also difficult to detect on 
the basis of clinical findings. That this is a 
very frequent occurrence in mahenant 
glioma is indicated by the work of Maxwell" 
in which 75 per cent of their small series of 
globlastomas involved the corpus callosum, 
and by Bull and Rovit? who found approxi- 
mately 25 per cent of their cases showing 
bilateral involvement of the brain, imply- 
ing involvement of the corpus callosum. A 
study of 200 consecutive cases of vhoblas- 
toma performed at the National Hospital, 
Queen Square, by Professor Blackwood 
showed approximately 35 per cent involve- 
ment of the corpus callosum. In view of the 
frequency of corpus callosum involvement 
as demonstrated at autopsy, the rarity of 
establishing the diagnosis on the basis of 
air encephalography indicates clearly that 
the problem is not solved by this method. 
Dyke and Davidoff’ reported only 8 cases 


In which corpus callosum tumor was de- 
tected from a series of 3,000 air studies. 

This paper deals with the radiologic 
hndings in 72 cases of malignant astrocy- 
toma afecting the corpus callosum, all of 
which have been subjected to postmortem 
examination. Radiologic examinations 
dealt with in this study are: angiography, 
air encephalography or ventriculography 
and gamma scanning. There were 46 males 
and 26 females in this series. Figure 1 
shows the age distribution. 

The cases were selected from the autopsy 
records of the National Hospital for Nerv- 
ous Diseases. The roentgenograms, scans 
and clinical records were then obtained. All 
cases were reviewed by the authors twice, 
first by one of them separately, and then by 
both together at which time a synthesis of 
any ditterences of interpretation was made. 
Angiozgrams were reviewed first, when 


25 






sete a 


NUMBER 
eo 
CASES 


+ a tine eE EPE 





a 





20-29 30-39 40-49 50-59 60-69 OVER 70 
AGE 


hic. 1. Age distribution of patients with pathologi. 
cally proven astrocytoma of the corpus callosum, 
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Fic. 2. (4) Anteroposterior and (B) lateral angiograms show pathologic vessels crossing the midline in the 


absence of displacement of the midline structures. 


available, followed by air studies, gamma 
scans, clinical records and autopsy findings 
in that sequence. The criteria of involve- 
ment of the corpus callosum are as follows. 


First, on angiograms the exact location ot 





Lateral venogram shows localized depression 
of the posterior part of the internal cerebral vein 
and widening of the sweep of the vein of Galen. 
Note that the curve of the vein is not flattened as 
with dilatation of the lateral ventricles. 


FiG-4, 


the tumor can sometimes be seen due to the 
presence of pathologic vessels within the 
tumor itself. Often the extent of the tumor 
is greater than is shown by the pathologic 
circulation, but one may be sure that the 
abnormal vessels define the minimum ex- 
tent of the tumor. Therefore, when the 
pathologic vessels are seen to extend across 
the midline in the region of the corpus 
callosum and there is not sufficient shift of 
the midline vessels to indicate that this 
appearance is due to herniation of the 
tumor mass under the falx, one may be 
certain that the tumor is infiltrating the 
corpus callosum (Fig. 2, Z and B). Second, 
where there is localized depression of the 
posterior part of the internal cerebral vein 
and a widened sweep of the vein of Galen 
and callosal vein around the splenium of 
the corpus callosum, one may strongly sus- 
pect involvement of the splenium (Fig. 3); 
but, if the entire internal cerebral vein is 
depressed and flattened, the appearance 
can be due to enlargement of the lateral 
ventricles, so that one must be careful in 
his evaluation of this finding. Of the 35 
angiograms, only 4 showed diagnostic find- 
ings, indicating approximately 11 per cent 
accuracy. 
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On the air studies, the most useful ap- 
pearance has been widening of the septum 
pellucidum, associated with infiltration of 
the body of the corpus callosum (Fig. 4). 

This appearance must be differentiated 
from cyst of the septum pellucidum and 
tumor of the septum pellucidum,! but in our 
experience other findings of a hemispheric 
mass usually make this differentiation quite 
simple. Deformity of the medial aspect of 
both frontal horns or of the medial aspect 
of the atria of both ventricles is not a spe- 
cific finding of corpus callosum involve- 
ment, since this appearance may be pro- 
duced by meningioma of the anterior or 
posterior part of the falx. Several of our 
cases have shown a well localized indenta- 
tion of the roof of the bodies of the lateral] 
ventricles which we thought must indicate 
corpus callosum involvement. This appear- 
ance is even more convincing when a dis- 
tinct lobulation of the filling defect is 
visible. Naturally, the more localized the 
detormity of the ventricles, the more prone 
one 1s to ascribe it to tumor in the corpus 
callosum rather than lving directly above 
it. Twenty-five per cent (14 cases of 55) of 
the air studies were diagnostic of corpus 
callosum involvement and an additional 
nine per cent (5 cases) were regarded as 
suspicious. 

Interpretation of the scans has presented 
some of the same problems as encountered 





lic. 4. Marked widening of the septum pellucidum 
and separation of the bodies of the lateral ventri- 
cles. 


Radiologic Detection of Astrocytoma 
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with contrast examination in that the pres- 
ence of azone of increased uptake of Isotope 
crossing the midline could not, in itself, be 
considered evidence of interhemispheric ex- 
tension in those cases where herniation of 
the tumer mass could produce this appear- 
ance. The most convincing appearance on 
the gamma scan is the “dum bbell’’-shaped 
zone of increased uptake produced by a 
tumor mass in each hemisphere and its ex- 
tension through the corpus callosum (Fig. 
5). Of © cases in this series which had 
gamma scans, 5 (83 per cent) were positive. 

Because the series of autopsy-confirmed 
scans wes so small, it was elected to review 
the avai able scans of biopsy-proven astro- 
cy toma vases in order to determine the per- 
centage n which the scan gave evidence of 
corpus callosum involvement. Comparison 
ot this percentage with the percentage of 
astrocy tomas involving the corpus callosum 
at autopsy should give some insight into 
the sens tivity of the procedure applied to 
this speeitic problem. This result does not 
have the validity of a series of autopsy- 
proven cases, but will serve as a preliminary 
estimate until a more definite result can be 
obtainec. Seventy-nine biopsy-proven 
astrocy tomas on which scans had been per- 
formed yielded 14 cases in which evidence 
of corpus callosum involvement was re- 
garded us conclusive (17.9 per cent) and 4 
cases in which findings were thought to be 





lic. 5. “Butterfly” distribution of Increased uptake 
of isotope. This is the most characteristic pattern 
of midline transgression. 
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suspicious (5 per cent). If one assumes on 
the basis of the autopsy evidence that ap- 
proximately 35 per cent of this series would 
show corpus callosum involvement, there 
should be 28 such cases out of the 79 astro- 
cytomas. This suggests 64 per cent accu- 
racy for the gamma scans. 


DISCUSSION 


The fact that astrocytomas often grow 
by infiltrating normal brain tissue rather 
than by displacing it may account for the 
relatively low diagnostic accuracy of air 
studies and angiography. 

A limitation of this study was that the 
method of selection of cases introduced the 
possibility of bias in interpretation of the 
roentgenograms since the authors were 
aware that corpus callosum involvement 
had been found at postmortem examina- 
tion. For this reason, care was exercised to 
regard as positive only those cases in which 
masses in other locations would not be 
expected to produce a similar picture. 
There were many cases in which suspicion 
of corpus callosum involvement would have 
been amply justified, especially in view of 
the knowledge that such involvement is 
quite common, but these were not consid- 
ered diagnostic of corpus callosum involve- 
ment when deformity might have been pro- 
duced by tumor adjacent to the corpus 
callosum or secondary to herniation of the 
brain. Furthermore, one might rationally 
suspect that any method which deals with 
these studies as separate entities introduces 
a limitation beyond that which is ex- 
perienced in ordinary usage where they can 
be combined to yield a maximum of infor- 
mation. For example, the combination of a 
contrast study showing the position of 
anatomic landmarks with a scan showing 
the extent of a tumor should allow much 
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more accurate localization than either 
study alone. 

It should also be noted that the estimated 
35 per cent of the non-proven cases in which 
corpus callosum involvement was assumed 
to be present is probably high, since this 
percentage was derived from autopsy 
figures. Some of the cases might have shown 
corpus callosum involvement had the scans 
been performed immediately prior to death, 
by which time some of the tumors might 
have infiltrated across the midline. 


SUMMARY 


Comparison of the accuracy of air 
studies, angiography and gamma enceph- 
alography in detection of involvement of 
the corpus callosum by malignant astrocy- 
toma reveals a clear superiority of the 
gamma scanning technique. 


John Howieson, M.D. 

Department of Radiology 

University of Kentucky Medical Center 
Lexington, Kentucky 40506 
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ANGIOGRAPHIC FINDINGS IN AGENESIS OF THE 
CORPUS CALLOSUM i 


By JOHN LUDV. LARSEN, M.D. 


BERGEN, NORWAY 


HE corpus callosum originates from 

the lamina terminalis in the third and 
fourth month of fetal life. Before its forma- 
tion, radially arranged furrows can be seen 
on the medial aspect of the two hemi- 
spheres. Normally, these are transitory 
structures, but they may persist wherever 
the corpus callosum fails to develop. This 1s 
particularly well shown in patients with 
partial agenesis in that the furrows persist 
where the corpus callosum has not devel- 
oped but are not seen in those areas where 
it is present. These conditions are signifi- 
cant for the angiographic diagnosis of 
agenesis of the corpus callosum. 

Agenesis of the corpus callosum may be 
classified among the dysrhaphias and may 
be partial or total. The causal factors have 
not been clarified. Disturbances of the fetal 
circulation in the anterior cerebral arteries 
have been suggested and hereditary factors 





pneumoencephalogram 


Anteroposterior 
shows poor filling of the ventricles, which are 
widely separated. There is no definite filling of the 
third ventricle. 


Fic. I. 


may have some significance. Zellweger’ re- 
ported agenesis of the corpus callosum in 2 
brothers. 

The anomaly frequently occurs in com- 
bination with other malformations such as 
hydrocephalus, porencephaly and inter- 
hemispheric cysts. Formation of a lipoma 
in association with corpus callosum may 
also occur. It is maintained that the clinical 
symptoms are not due to the agenesis but 
the accompanying cerebral lesions. Oligo- 
phrenia is usually seen, but otherwise the 
symptomatology is varied and asympto- 
matic cases have been described. 

Agenesis of the corpus callosum cannot 
be diagnosed clinically. Until now, the 
diagnosis has generally been made with the 
help of pneumoencephalography, but it can 
also be made with carotid angiography.'~*: 
5=3 A case diagnosed angiographically is 
presented below. 


REPORT OF A CASE 


The patient was a 24 year old seaman admit- 
ted to the neurological clinic of the Medical 
School of the University of Bergen (Chief: 
Arne Galtung Froévig) with the diagnosis of 
traumatic encephalopathy. He had had three 
head injuries; with one, there was a possible loss 
of consciousness. He was later troubled with 
headache, reduced memory, diminished con- 
centration, nervousness and irritability. A 
routine neurologic examination showed no path- 
ologic findings apart from moderate mental 
deficiency. Electroencephalography under 
standard conditions showed a generalized cere- 
bral dysrhythmia with an excess of beta activity. 

Roentgenograms of the cranium showed no 
abnormal findings. A pneumoencephalogram 
(Fig. 1), however, revealed considerable separa- 
tion of the lateral ventricles, particularly of the 
body and anterior horn, as well as a distinctly 
enlarged temporal horn. From these findings, 
the possibility of agenesis of the corpus callosum 
or a noncommunicating cyst in the septum 
pellucidum was considered, 


5/9 
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some of which do not appear to have been de- 
scribed before, were interpreted as typical for 
agenesis of the corpus callosum. The anterior 
cerebral arteries were asymmetric, the right 
being of small caliber and the left considerably 
larger. Both lacked the normal arched course 
around the genu of the corpus callosum seen in 
lateral projection. The left anterior cerebral 
artery rose steeply in an anteriorly concave 
arch. At the level of the origin of the calloso- 
marginal artery, it curved sharply backwards 
and divided immediately into two branches of 
approximately equal thickness. Three larger 





lic. 2. Arterial phase of right sided lateral projection. 
[n this study it is difficult to identify the pericallo- 
sal artery. 





ic. 4. Arterial phase of left sided lateral 
projection. (See text for details.) 





lic. 3. Arterial phase of left sided anteroposterior 
projection. The wavy character of anterior cere- qay o 
bral and pericallosal arteries IS seen. iG. §. Venous phase of left sided lateral projection. 
Note the close relationship between the internal 
cerebral vein and the inferior sagittal sinus. The 
diminished curvature of the great cerebral vein is 


Air encephalography was not very successful 
technically and was difficult to assess. Bilateral seen. The thalamocthiate ven lies ‘below the tk 
carotid angiography was, therefore, carried out ternal cerebral vein. The septal vein was more 


(Fig. 2 through 5). The angiographic findings, prominent on later angiograms in the series. 
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branches of the callosomarginal artery ran a 
distinctly radiating course towards the vertex 
and it is possible that they coursed into the 
aforementioned furrows. The medial cerebral 
arteries showed normal relationships on both 
sides, 

The relations of the veins were interesting, 
The internal cerebral vein and the great cere- 
bral vein (great vein of Galen) lav higher than 
normal and, at the same time, the venous angle 
lay too far cranially and ventrally, This was 
probably due to enlargement of the third ven- 
trice in a cranial and ventral direction. 

Ín contrast to previous reports,' a normally 
developed vein of the septum pellucidum was 
found on both sides. However, in order to reach 
the internal cerebral vein, this vein rose higher 
than is usual as it curved backwards. The 
tha‘amostriate vein showed an even more un- 
usual course. From its position in the lateral 
ventricle, it had to run upwards and medially 
con both sides in order to empty into the internal 
cerebral vein. The smaller branches of the thal. 
amostriate vein extended far from the midline. 
This could only be explained on the basis of the 
separation of the lateral ventricles as seen with 
agenesis of the corpus callosum. A similar find. 
ing occurs with internal hydrocephalus, but in 
that condition, the great cerebral vein lies 
lower than normal rather than higher, as in this 
case, 

After receiving the inferior sagittal sinus, the 
great cerebral vein did not run directly into the 
straight sinus. Instead, there was a relatively 
small-calibered connection between these 2 
structures. A similar variant was demonstrated 
by Claus and Heidrich! in their patient with 
agenesis of the corpus callosum. 


DISCUSSION 


Angiographically, the diagnosis of agene- 
sis of the corpus callosum can be based on 
the following findings (Fig. 6): 

i. The reduced distance between the in- 
ferior sagittal sinus and the internal cerebral] 
vein, 

2. The reduced distance between the 


pericallosal artery and the internal cerebral 
vein, 
Both of these findings depend on the 


presence of an abnormally reduced distance 
between structures which lie above and be. 
low the corpus callosum. Thus, a direct 


Agenesis of the Corpus Callosum 
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lic. 6, Sketch of the deep veins. The internal carotid 
artery, the anterior cerebral artery and the perical- 
losal artery are added to show the relationship be- 
tween these arteries and the internal cerebral vein. 
Between the internal cerebral vein and the perical- 
losal artery, there is no room for a normal corpus 
callosum. 


angiographic diagnosis of agenesis of the 
corpus callosum is possible by comparing 
the course of the vessels on the upper side of 
the corpus callosum with the course of those 
on the under side. 

Morris? suggests that in agenesis of the 
corpus callosum there is a separation of the 
two mternal cerebral veins. This was not 
found by Zingesser et a/.§ The relation seems 
to be dependent on the projections used. In 
the enlarged third ventricle, the internal 
cerebral vein lies laterally at its origin at the 
foramen of Monro but it approaches the 
median plane before joining the vein from 
the ether side to form the great cerebral 
vein, as in the case reported here. 

The arteries of the sylvian group were 
localized higher than normal in 1 of the pa- 
tients reported by Zellweger,’ in 1 of Hol- 
man and MacCarty’s 2 patients, and in the 
I case reported by Claus and Heidrich! 
However, as a rule, these arteries run a 
normal course, as in our patient. 


SUMMARY 


A patient with agenesis of the corpus 
callosum js reported, Angiographic demon- 
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stration of a reduced distance between the 
inferior sagittal sinus and the internal cere- 
bral vein, and between the pericallosal 
artery and the internal cerebral vein 1s 
assumed to be evidence of agenesis of the 
corpus callosum. 


Department of Radiology 

University of Bergen Medical School 

Bergen, Norway 
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THE ROENTGENOLOGY OF THE MENINGO- , 
HYPOPHYSEAL TRUNK* 


By H. F. W. PRIBRAM, M.B., D.M.R.D., T. 
McCORMICK, M.D. 


and WM. F. 


R. BOULTER, M.D., 


IOWA CITY, IOWA 


HE internal carotid artery within the 

cavernous sinus supplies the hypophy- 
sis, the optic chiasm, the semilunar gan- 
glion and, in addition, gives off several 
branches to supply the tentorium. Many of 
these anastomose with similar branches 
from the contralateral internal carotid ar- 
terv while others anastomose with the 
middle meningeal artery (Fig. 1; and 6, ./ 


and b).?"! 
THE BLOOD SUPPLY OF THE HYPOPHYSIS 


The arterial blood supply of the hypo- 
physis is derived from the interior and su- 
perior hypophyseal arteries which arise 
from the carotid siphon. The interior hypo- 
phvseal artery supplies the posterior lobe 
while the superior hypophyseal artery sup- 
plies the anterior lobe.” The interior hypo- 
phvseal artery arises from a common trunk 
which takes origin at the junction of the 
proximal vertical and horizontal segments 
of the cavernous internal carotid artery. 
The trunk from which it arises may be 
termed the meningo-hypophyseal trunk" 
since it distributes 3 branches which supply 
the hypophysis and the meninges. The 
branches are respectively: the inferior hy- 
pophyseal artery, the dorsal meningeal 
artery, and the tentorial artery (Fig. 2 
through 8). The inferior hypophyseal artery 
passes upwards and medially to reach the 
lateral surface of the posterior lobe of the 
hypophysis where it divides into superior 
and inferior divisions and anastomoses with 
similar branches from the other side. The 
dorsal meningeal artery passes behind the 
dorsum sellae to ramify on the posterior 
surface of the clivus, and anastomose with 
similar branches from the contralateral 
internal carotid artery. The tentorial artery 





a 


‘ic. 1. Dissection of the cavernous portion of the in- 
ternal carotid artery, showing artery to the inferior 
cavernous sinus (upper large arrow and small 
arrows) and its anastomosis with the middle 
meningeal artery (lower large arrow). The artery 
has not been entirely freed from the dura. 


passes backwards within the edge of the 
tentorium. It also anastomoses with its fel- 
low from the opposite internal carotid ar- 
tery. 

In many instances, another trunk arises 
from the lateral aspect of the cavernous in- 
ternal carotid artery which supplies the 
structures of the inferior cavernous sinus. 
This vessel, which has been termed the ar- 
tery to the inferior cavernous sinus, anasto- 


* Presented at the Sixty-seventh Annual Meeting of the American Roentgen Ray Society, San Francisco, California, September 27-30, 


1960. 
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Fic. 2. Dissection of branches of the cavernous por- 
tion of the internal carotid artery. The tentorial 
artery (left arrow) arises from the junction of the 
proximal vertical and horizontal segments of the 
internal carotid artery within the cavernous sinus. 
On the right (middle arrow) a common trunk is 
noted which divides into two. An anterior branch 
(the inferior hypophyseal artery) runs forwards to 
supply the hypophysis while the posterior branch 
(the dorsal meningeal) passes behind the dorsum 
to supply the meninges. The trigeminal nerve 
(right arrow) is seen parallel to the internal carotid 
artery. 


moses directly with the middle meningeal 
artery and thus is instantly available as a 
collateral channel in cases of carotid occlu- 
sion, carotid cavernous fistula, and arterio- 
venous malformations (Fig. 1; and 6, Z 
and B) 

McConnell’s* description of the blood 
supply of the hypophysis differs slightly 
from the above, but was considered by her 
to be remarkably constant with only occa- 
sional minor variations. She described the 
trunk as arising from the medial aspect at 
about the center of the cavernous internal 
carotid artery, and also describes 3 branches: 
an anterior running downwards and lat- 
erally to the cavernous sinus, a posterior 
running backwards and medially behind 
the dorsum sellae, and the main trunk itself 
which continues as the inferior hypophyseal 
artery. It was our impression from dissec- 
tions of the cavernous portion of the inter- 
nal carotid artery that these arteries are not 
as constant as previously described, and 
that there is considerable variation in the 
origin of these vessels. Thus, while one may 
be able to demonstrate a classic meningo- 
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hypophyseal trunk on one side, the various 
branches may arise individually on the op- 
posite side (Fig. 2; and 3). We feel that 
McConnell’ and Parkinson! are probably 
describing the same vessels but with differ- 
ent terminology, depending on the origin of 
these vessels. 

The superior hypophyseal arteries arise 
trom the posteromedial aspect of the inter- 
nal carotid artery shortly after it emerges 
from the cavernous sinus, this being the 
intradural supracavernous portion of the 
internal carotid artery. The arteries run 
upwards and medially to supply the optic 
nerve, the optic chiasm, and the anterior 
lobe of the hypophysis (Fig. 4, Z, B and C). 

The meningo-hypophyseal arteries are 
seldom seen in a normal arteriogram, but 
may be found enlarged in pathologic condi- 
tions.!—3-5.12,13,15,16 Thus, we have identified 
these vessels in 2 pituitary adenomas, a 
hypothalamic glioma, and a falx menin- 
gioma. In addition, the anastomosis be- 
tween the artery to the inferior cavernous 
sinus and the middle meningeal artery was 
demonstrated in 1 case (Fig. 6, Æ and B). 
The tentorial artery has been identified by 
other authors!—8:512.183.15.16 in the blood sup- 
ply of the tentorial meningiomas, arterio- 
venous malformations involving the ten- 
torium, gliomas invading the tentorium, 





IIG. 3. 
the pituitary (right upper arrow), the meningo- 
hypophyseal trunk (middle arrow) at its origin 
from the cavernous internal carotid artery, and 
the tentorial branch (left lower arrow). 


Dissection of the cavernous sinus showing 
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lic. 4. (4) Plain roentgenogram of the skull in a case of chromophobe adenoma with parasellar and suprasel- 
lar extension. The sella turcica is ballooned, the lamina dura has been destroyed, and there is a double 
floor. A soft tissue mass overlies the sphenoid sinus. (B) Internal carotid arteriogram demonstrates: (1) 
artery to the inferior cavernous sinus; (2) the meningo-hypophyseal trunk; (3) the tentorial artery; (4) 
the dorsal meningeal artery; (5) the hypophyseal artery; and (6) the superior hypophyseal arteries. A clus- 
ter of abnormal vessels can be seen between the apex of arrow 4 and the shaft of arrow ¢. 


trigeminal neurinomas, and in a number of 
other conditions (Table 1). Our findings will 
be described in some detail. 

THE BLOOD SUPPLY OF THE TENTORIUM 

While McConnell’s® paper was mainly 
concerned with the blood supply of the 
hypophysis, later investigators demon- 
strated that, ın addition to the arteries she 
described, the cavernous portion of the in- 
ternal carotid artery gives off additional 
branches, some of which supply the ten- 
torium. Interest in these branches was 
generated by the report of Bernasconi and 
Cassinari! in 1956, who described a tentorial 
artery in cases of tentorial meningioma. 
Other reports followed, and tor a while it 
was believed that the demonstration of 
such an arterial supply was pathognomonic 
of a tentorial meningioma. However, this 
did not prove to be correct. Schnürer and 
Stattin” injected the internal carotid artery 
and described in some detail the anatomy of 
the tentorial branches of the internal caro- 
tid artery. 

Parkinson,!! from the dissection of 200 
cadavers, describes the tentorial artery as 
a branch of a common trunk which arises 


1] 





ic. 4. (C) Sketch of B. 


from the vertical segment of the cavernous 
portion of the internal carotid artery 
shortly after it enters the cavernous sinus. 
This artery, too, is seldom seen 1n the nor- 
mal arteriogram, but it has been identified 
on a number of occasions in pathologic con- 
ditions. We have seen it in cases of pituitary 
and hypothalamic tumor, an extradural 
mass, a falx meningioma, and a scalp an- 
gioma (Fig. 4 through 8). 

In addition, we have found that the ten- 
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torium receives branches from the anterior 
inferior cerebellar artery (Fig. 9). Branches 
of the extracranial vertebral arterv, the 
occipital artery, as well as the posterior 
cerebral arteries, also supply the tentorium. 
We would anticipate that, with the increas- 
ing detail obtainable with subtraction and 
magnification methods, the other tentorial 
branches will be identified at angiography. 
THE TRIGEMINAL ARTERY 

The trigeminal artery arises from the 
cavernous internal carotid arterv at the 
same point as the meningo-hypophyseal 
trunk, so that one may be mistaken for the 
other.® Since the significance of these ves- 
sels is somewhat different, it is pertinent to 
review the anatomy of the trigeminal ar- 
tery. 

In the 3 mm. embryo, the trigeminal ar- 
tery connects the intracranial internal ca- 
rotid arteries with the two vessels which 
later form the basilar artery. The trigemi- 
nal arteries are normally obliterated by the 
14 mm. stage, but occasionally one may 
persist into adult life.’ The persistent tri- 
geminal artery has been described on a 
number of occasions’? and we expect to 
demonstrate 1 in every 600 arteriegrams. 
The trigeminal arterv also arises from the 
medial aspect of the junction of the proxi- 
mal vertical and horizontal segments of the 
cavernous internal carotid artery; it then 
passes medially and posteriorly either 
through the dorsum sellae or lateral to it to 
join the basilar artery (Fig. 10, 4—/).§ In 


association with this artery may be found 
several other anomalies such as aneurysm, 
angioma, absence of the vertebral arteries, 
absence of the posterior communicating 
arteries, absence of the proximal basilar 
arterv, and in I case we demonstrated an 
anomaly in the origin of the great vessels 
from the aorta. To date, no case of bilateral 
trigeminal arteries has been recorded. 

In general, the trigeminal arterv is larger 
than the meningo-hvpophyseal trunk, al- 
though we have 1 example of a very small 
trigeminal artery (Fig. 10-4). Since the 
trigeminal arterv joins the basilar artery, a 
short vertical segment of the basilar artery 
can usually be identified, and often the pos- 
terior cerebral and superior cerebellar ar- 
teries also. The associated anomalies of the 
persistent trigeminal artery are vascular 
(angioma or aneurysm), whereas the me- 
ningo-hy pophyseal trunk is more often as- 
sociated with extradural or tentorial masses. 
However, it may also supply arteriovenous 
malformations and gliomas. 


ANGIOGRAPHY 


The visualization of the meningo-hypo- 
phvseal branches of the internal carotid ar- 
tery, at angiography, is aided by selective 
angiography of the internal carotid artery, 
as superimposition of the branches of the 
external carotid arterv, particularly the 
superficial temporal artery, otherwise makes 
identification incredibly difficult. Even 
with selective angiography, branches of the 
middle cerebral artery may be superim- 


Falx meningioma. (4) Lateral carotid arterio- 
gram showing blood supply from tentorial artery 


FIG. §. 


tentorial artery along the edge of the tentorium 
(arrows). 


posed on the branches of the cavernous 1n- 
ternal carotid artery. Stereoscopy in such 
instances may be justified. 


REPORT OF CASES 


Case 1. Chromophobe adenoma with supra- 
sellar and parasellar extension. F.V., male, aged 
33 years, with progressive loss of vision, blind- 


ness of the right eve, and severe loss of vision in 


(arrows). (B) Frontal arteriogram shows course of 
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. (C) Sketch of 4. (D) Sketch of B. 


the lef- eye. Skull roentgenograms (Fig. 44) 
showed an enlarged sella turcica with a soft tis- 
sue mcss overlying the sphenoid sinus. The 
right superior orbital fissure was enlarged and 
the interior margin of the right optic foramen 
was destroyed. Angiography revealed an intra- 
sellar mass with suprasellar extension under the 
left frontal lobe, and evidence of bilateral extra- 
dural parasellar extension. The venous angle was 
displaced upwards and backwards, and the 





lic. 6. Case of scalp angioma in which the external 





carotid artery has been ligated. (4) The anastomo- 
sis between the artery to the inferior cavernous 
sinus and the middle meningeal artery is seen (left 
arrows). A large meningo-hypophyseal trunk 
(right arrows) arises from the junction of the 
proximal vertical and horizontal segments of the 
extradural internal earotid artery. The branches 
run laterally in the tentorium to supply the scalp 
angioma. Increased arterial and venous markings 
can be seen !n the parietal bone. 


© 


lic. 6. (B) Sketch of £. 
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ventricles were enlarged. A left carotid arterio- 
gram (Fig. 4, B and C) demonstrated the me- 
ningo-hypophyseal trunk and its branches, as 
well as the artery to the inferior cavernous sinus 
which was displaced downwards and laterally. 
A cluster of abnormal vessels derived from the 
interior hypophyseal artery was noted. A right 
carotid arteriogram showed a small meningo- 
hypophyseal trunk and evidence of parasellar 


. 





lic. 7. Extradural mass. (4) The proximal vertical 
and horizontal segments of the extradural internal 
carotid artery are displaced forwards. The me- 
ningo-hypophyseal artery (1) is shown with its 
hypophyseal (3) and tentorial (2) branches. The 
dorsal meningeal artery 1s crossed by the small 
arrow, 





‘tc. 7. (B) Sketch of 7. 
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extension. Surgery revealed a chromophobe 
adenoma. 


Comment. This was an extremely large 
tumor with large extradural middle fossa 
components which resulted in unveiling of 
the branches arising from the cavernous 





Fic. 8. Glioma of the hypophysis. (4) Air encephalo- 
gram showing hypothalamic mass (arrows) which 
partially occupies the interpeduncular cistern. 
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portion of the internal carotid artery. Lat- 
eral and downward displacement of the 
artery to the inferior cavernous sinus placed 
the mass within it. This is the first occasion 
that we have ever demonstrated pathologic 
vessels in a chromophobe adenoma. The 
presence of abnormal vessels made us favor 
a diagnosis of pituitary adenoma rather 
than that of craniopharyngioma. Abnormal 
vessels would be more likely in large or 
rapidly growing adenomas. We are aware 
of only 1 case in the literature where a tu- 
mor stain has been reported.’ 


Case i1. Chromophobe adenoma with supra- 
sellar extension. A.H., female, aged 63 years, 
with penhypopituitarism and a bitemporal 
hemianopia with considerable loss of vision in 
the left eye. Plain roentgenograms of the skull 
showed the sella turcica to be enlarged. Initi- 
ally, she was treated with radiation therapy 
which resulted in some improvement in her 
visual acuity, but was followed by considerable 
loss of vision in the left eye. Angiography (Fig. 
11) showed evidence of suprasellar extension of 
an intrasellar mass, particularly on the left side. 
The meningo-hypophyseal trunk was identified, 
but no abnormal vessels were noted. Surgery 
revealed a chromophobe adenoma. 





Fic. 8. (B) Frontal arteriogram showing an artery arising from the medial aspect of the cavernous internal 
carotid artery, coursing medially and then posteriorly (arrows). This is probably the hypophyseal artery 
rather than the tentorial artery. Compare the course of this artery with that of the tentorial artery in 
Figure 5B. (C) Lateral carotid arteriogram showing the hypophyseal artery running medially and upwards, 
then downwards and posteriorly in the interpeduncular cistern. The artery has been displaced downwards 
by the mass which occupies the upper part of the interpeduncular cistern (see Fig. 84). (Courtesy Dr. 
J. D. R. Miller, University Hospital, Edmonton, Alberta, Canada.) 
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Fic. 8. (D) Sketch of B. (E) Sketch of C. 


Comment. The identification of the me- 
ningo-hypophyseal trunk is probably a re- 
flection of both the size of the tumor and 
the size of its extradural component. 


Case 1. Scalp angioma. D.H., female, aged 
21 years, with a right sided scalp angioma. 
Plain roentgenograms of the skull showed a con- 
siderable increase in the arterial and venous 
markings of the right side of the skull, and 
angiography revealed abnormal vessels in the 
right side of the scalp which derived their main 
blood supply from the external carotid artery. 
The right external carotid artery was then 
ligated. A year later she was re-admitted with 
complaints of loud intracranial bruits and head- 





Fic. 9. Dissection to show origin of tentorial branches 
(left horizontal arrows) from the anterior inferior 
cerebellar artery (left vertical arrow). The trigem- 
inal nerve is seen (right horizontal arrow). 





ache. Total angiography was performed. The 
most significant findings were at right carotid 
angiography which showed a large meningo- 
hypophyseal trunk supplying the scalp angioma 
(Fig. 6, £ and B). The artery to the inferior 
cavernous sinus was also demonstrated. It was 
considerably enlarged, and its many small 
hypertrophied branches filled the middle me- 
ningeal artery which supplied the angioma. 


Comment. The potential collateral path- 
way through the anastomosis between the 
artery to the inferior cavernous sinus and 
the middle meningeal artery has been ap- 
preciated only recently (Fig. 1). This is the 
first time that we have been able to demon- 


= Wr 


ic. 10. Trigeminal artery. (4) Small trigeminal 
artery which might be mistaken for a tentorial 
artery. 
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strate this anastomosis at angiography. The 
pathway, of course, is one of the reasons 
that a carotid cavernous fistula may be 
difficult to obliterate even when the intra- 
cranial and extracranial internal carotid 
artery has been ligated. Furthermore, this 
pathway is a collateral route in cases of 
carotid occlusion. 


Case tv. Falx meningioma. M.H., female, 
aged 62 years, with complaints of headache, 
convulsions, and weakness of the left arm and 
leg. Right carotid angiograms (Fig. 5, A-D) 
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showed a large right sided falx meningioma, 
supplied in part by an enlarged tentorial artery 
which ran along the edge of the tentorium and 
then upwards along the falx to supply the me- 
ningiomm. Surgery revealed a large falx me- 
ningioma. 


Comment. The presence of a tentorial ar- 
tery has been known to neurosurgeons who 
have had occasion to incise the tentorium. 
It has only recently been demonstrated at 
angiography, and is most often recognized 
in association with tentorial or falx menin- 





Fic. 10. (B) Lateral view showing the course 
of the trigeminal artery (arrow). (C) Frontal 
view showing the course of the trigeminal 
artery (arrows). (D) Base view showing the 
course of the trigeminal artery (arrows). 
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giomas (Table 1). However, tentorial ar- 
teries have also been shown to supply 
gliomas and arteriovenous malformations. 
Interestingly enough, in this case the tu- 
mor, despite the demonstration of an en- 
larged tentorial artery, was relatively 
avascular at surgery. 


Case v. Left sided extradural mass. N.S., 
female, aged 47 years, complained of double 
vision following a blow to the right side of the 
head 9 months before admission. This resolved 
spontaneously. Six weeks before admission, 
double vision recurred. On examination, she 


Fig. 10. (E) Sketch of B. (F) Sketch of 
C. (G) Sketch of D. 


had a partial right third nerve palsy. A right 
carotid arteriogram (Fig. 7, 4 and B) showed 
forward and downward displacement of the 
vertical and horizontal segments of the cavern- 
ous internal carotid artery. The meningo-hypo- 
physeal trunk passed medially and upwards. 
The hypophyseal and tentorial branches were 
stretched and displaced upwards; a short seg- 
ment of the dorsal meningeal branch was noted. 
The proximal portion of the basal vein also 
showed upward displacement. Vertebral an- 
giography showed posteromedial displacement 
of the proximal posterior cerebral artery. Sur- 
gery revealed a large cystic mass in the floor of 
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lic. 10. (H) Large trigeminal artery (arrow). (Z) Trigeminal artery 
(lower arrow) and internal carotid artery aneurysm (upper arrow). 


the middle fossa, which was extradural. On 
aspiration with a No. 22 needle, blood was ob- 
tained. No biopsy was taken. 


Comment. The angiographic appearances 
were those of an extradural mass, possibly 
a fifth nerve neuroma or a chordoma. This 
is an example of “unveiling” of the me- 
ningo-hypophyseal trunk. The main trunk 
passed upwards and medially while the 
hypophyseal and tentorial branches were 
displaced upwards. 





Fıs. 11. Pituitary tumor. Carotid arteriogram show- 
ing meningo-hypophyseal trunk (arrow). 


Case vi. Hypothalamic glioma. R.P., male, 
aged 6 years. Admitted with history of sexual 
precocity. Bone age was estimated at 10 to II 
vears. Ketosteroid levels were in the lower adult 
range. An air encephalogram (Fig. 84) outlined 
a mass in the region of the hypothalamus. Ca- 
rotid arteriograms (Fig. 8, B-E) demonstrated a 
prominent inferior hypophyseal artery which 
showed lateral and downward displacement in 
the interpeduncular cistern. 


Comment. This is the first occasion that 
we have seen an inferior hypophyseal ar- 
tery supplying a tumor of the hypothala- 
mus, although we have searched for this 
vessel. In this instance, the size of the mass 
and the displacement of the vessels account 
tor its being visualized. 


SUMMARY 


A discussion of the roentgenology of the 
meningo-hypophyseal trunk is presented, 
along with illustrative case examples. 

H. F. W. Pribram, M.D. 


Department of Radiology 
University Hospitals 


The University of Iowa 


lowa City, [owa 52240 
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TENTORIAL BRANCH OF THE INTERNAL 
CAROTID ARTERY (ARTERIA TENTORID* 


REPORT OF THREE CASES 


By HAJIME HANDA, M.D., JYOJI HANDA, M.D., and MASAHIRO TAZUMI, M.D. 


KYOTO, JAPAN 


N 1956 Bernasconi and Cassinari! demon- 

strated by roentgenography a small ar- 
tery supplying tentorial meningiomas in § 
out of 7 cases verified at operation. They 
suggested that this artery arose from the 
external carotid and considered it to be a 
pathognomonic sign of tentorial menin- 
gioma. 

Although the artery was thereafter 
named “‘the artery of Bernasconi and Cas- 
sinari,” similar angiographic evidence had 
been reported by Huber® a few years prior 
to their article. 

In a paper read at the Fifth Symposium 
Neuroradiologicum in Bruxelles, Wickbom 
and Stattin’! also described a vessel which 
took off from the carotid siphon, passed 
backwards to the tentorium and supplied a 
tentorial meningioma with blood. In the 
same year Krayenbthl and Yasargil’ de- 
scribed an artery supplying a subtentorial 
arteriovenous malformation. Although the 
authors described this artery as the prim- 
itive trigeminal artery, their illustration 
clearly showed it to be the tentorial branch 
of the internal carotid artery. 

In 1960, Frugoni eż al. * described a sim- 
ilar artery in 8 cases of tentorial men- 
ingiomas, 2 cases of meningiomas of the 
falx, and 1 case of parasagittal meningioma. 
In the cases of Bernasconi and Cassinari 
and of Frugoni eż al., the contrast medium 
was injected into the common carotid ar- 
tery, and the exact origin of the artery was 
not visualized. In 1 case of Frugoni ef al., 
however, the vessel did not fill when the 
external carotid artery was selectively 
punctured, and the authors cast some 
doubts on Bernasconi and Cassinari’s view 
of the external carotid origin of this vessel. 

In 1961, Stattin® described a vessel which 


arose “rom the intracavernous portion of 
the carotid siphon in 8 out of 10 cases with 
tentorial meningiomas examined by selec- 
tive iefernal carotid arteriography. They 
observed similar vessels in 7 more miscel- 
laneous cases: I with arteriovenous mal- 
formation in the pineal region, 1 with the 
vascular malformation near the anterior 
attachment of the tentorium, and the re- 
maining § cases with cerebral thrombosis 
or aneurysm. 

Frugoni ef al. in their further article, 
finally proved the internal carotid origin 
of the so-called Bernasconi Cassinari ar- 
tery, and added several cases with arte- 
riovenous malformation in the occipital 
region. Cortes eż al. described 4 instances 
of tentorial arteries, I in a patient with 
malignant glioma with invasion of the 
tentorium and 3 in patients with arteriove- 
nous malformation in the tentorial region. 
Taveras and Wood!’ also described a case 
with tentorial meningioma, and Krayen- 
buhl and Yasargil® illustrated their excel- 
lent monograph with § cases of the arteriae 
tentor 1, 2 with tentorial meningiomas, 1 
with aagioma in the tentorial region, I with 
temporo-occipital basal glioblastoma and 
the remaining I with the metastatic car- 
cinoma in the temporo-occipital region. 
Also, Bernasconi, Cassinari and Gori? re- 
cently reported a tentorial artery demon- 
strated in a case of falco-tentorial angioma. 


REPORT OF CASES 


Case 1. Y.N., a 38 year old female, was ad- 
mitted to our clinic in 1962, with a 4 month 
history of paresthesia of the left half of the face 
and body, and diminished vision and tinnitus on 
the left side. 

Left carotid arteriography was performed. 
The ina- and supraclinoid portions of the in- 


* From the Department of Neurosurgery, Kyoto University Medical School, Kyoto, Japan. 
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Case I. 
angiogram. Note the arteria tentorii supplying the 
tumor stain (tentorial meningioma). 


Fic, i. Preoperative left lateral carotid 


ternal carotid artery were normal, and the an- 
terior cerebral artery was not filled from the 
left side. 

The frontal roentgenogram showed a slight 
elevation of the horizontal part of the middle 
cerebral artery, media! displacement of its 
knee, and a sharply demarcated and round ab- 
normal vascular stain superimposed on the left 
orbita. An artery, 7 mm. in diameter, branched 
off from the cavernous portion of the internal 
carotid and supplied the stain. 

In the lateral roentgenogram the anterior 
choroidal artery was elevated and the posterior 
communicating artery was not filled. The mid- 
dle cerebral artery and its branches were ele- 
vated. A round tumor stain was demonstrated 
above the mastoid cells, and the tortuous 
vessel, which arose from the cavernous portion 
of the internal carotid, passed posteriorly and 
supplied the tumor stain together with the 
meningeal vessels of the external carotid origin 
(Fig. 1). The tumor stain was sharply demar- 
cated, showing a sun-burst appearance, ap- 
proximately 5 cm. in diameter, but early drain- 
ing of the tumor was not observed. 

A total removal of the tentorial meningioma 
(72 gm.) was performed, and the patient was 
discharged. 

Six months later, the patient was readmitted 
complaining of a fever. A repeat arteriography 
was nonremarkable. The tortuous branches of 
the internal carotid artery, which had supplied 
the tumor stain, were again demonstrated, but 
the tumor stain was absent (Fig. 2). The previ- 
ous operative site was re-explored and a brain 
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abscess was drained. The patient responded 
well and was discharged. 

A few months later, the patient died suddenly 
in status epilepticus. P 
was not granted. 


ermission for autopsy 


Case i. 1.5., a 58 year old male, was ad- 
mitted to our clinic with complaints of head- 
ache, blurred vision, and tinnitus and loss of 
hearing on the right side. Further positive 
neurologic findings on admission were: bilateral 
choked disks; right trigeminal, facial and glosso- 
pharyngeal palsies; and cerebellar ataxia. 

Pneumoencephalography revealed displace- 
ment of the third ventricle to the left, and a 
marked elevation of the floor of the third ven- 
tricle. 

Right carotid arteriography was performed. 
In the lateral view, the middle cerebral artery 
and its branches were elevated, and an abnor- 
mal artery, which arose from the posterior part 
of the cavernous portion of the internal carotid 
artery, passed posteriorly and supplied a tumor 
stain. The draining vein was not filled (Fig. 3). 
The surgical specimen was diagnosed as me- 
ningioma. 


Case 1. S.O., a 31 year old male, was ad- 
mitted twice, in 1957 and 1963. Each time a 
subtotal resection of the glioblastoma in the 
left temporal lobe was performed, and the pa- 
tient was discharged after radiation therapy. 

One month prior to the third admission in 
1964, the patient noticed failing vision, nausea 
and swelling of the operative site in the left 
temporal region. 





Case 1. Postoperative left lateral carotid 
angiogram. The arteria tentorii is still filled, but 
the tumor stain is not visualized. 


FIG. 2. 
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Lett carotid arteriography was performed 
and contrast medium was injected into the in- 
ternal carotid artery. 

The frontal projection disclosed medial dis- 
placement and stretching of the supraclinoid 
portion of the internal carotid artery with ele- 
vation of the bifurcation. The horizontal por- 
tion of the middle cerebral artery was markedly 
elevated. The anterior cerebral artery showed 
no shift across the midline and the anterior 
choroidal artery was displaced medially, de- 
scribing a wide semicircle. 

The lateral roentgenogram showed a marked 
elevation of the middle cerebral artery and its 
branches. The sylvian triangle was deformed 
and elevated, particularly in its posterior part. 
The supraclinoid portion of the internal carotid 
artery was elevated and displaced forward. The 
anterior choroidal artery was enlarged. 

A tumor stain, approximately § cm. in diam- 
eter, was noted in the anterior two-thirds of the 
temporal lobe. Both frontal and lateral projec- 
tions showed an unusual artery with a beaded 
appearance which was seen to supply the tumor. 
The artery arose from the posterior end of the 
cavernous portion of the internal carotid artery, 
but the anterior choroidal artery and small 
branches of the middle cerebral artery also con- 
tributed to the blood supply of the tumor (Fig. 
4 

The patient improved and was discharged 
after subtotal removal of the recurrent tem- 
poro-occipital basal glioblastoma and the place- 
ment of a ventriculo-atrial shunt. 


COMMENT 


Reviewing the available literature, it 
seems certain that the vessel described by 





Fic. 3. Case 11. Right lateral carotid angio- 
gram showing the tentorial meningioma. 
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Fic. 4. Case 11. Preoperative left lateral carotid 
angiogram. Note the arteria tentorii supplying the 
tumor (temporo-occipital basal glioblastoma mul- 


tiforme). 


Bernasconi and Cassinari arises from the 
carotid siphon just distal to the entrance of 
the internal carotid artery into the cav- 
ernous sinus, and not from the external 
carotid artery. The artery passes back- 
wards, reaches the tentorial attachment 
and further courses alongside the free edge 
of the tentorium. 

In 2 Macaque monkeys, the cervical 
carotid artery was injected with the colored 
neoprene latex under pressure, and the 
head was fixed in toto in Io per cent for- 
malin solution for 1 week. 

A meticulous dissection of the specimen 
disclosed the small artery which arose from 
the posterior part of the cavernous portion 
of the internal carotid artery, and passed 
backwards. The artery sent several tiny 
branches to the gasserian ganglion and its 
meningeal coverings, and reached the 
tentorial attachment. The artery supplied 
the free edge of the tentorium, falco- 
tentorial attachment and their neighbor- 
ing structures, and anastomosed with the 
corresponding vessel on the other side and 
with the meningeal vessels of the external 
carotid and vertebral origin (Fig. 5). 

In man, the internal carotid artery gives 
rise to several small branches in its intra- 
cavernous portion.’ Among those, the 
course of the arteria tentorii is in good ac- 
cordance with the roentgenologic findings 
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FIG. §. Tentorial branch of the internal carotid artery 


in the Macaque monkey. Dissection after intra- 
carotid injection of colored neoprene latex. 


of the Bernasconi Cassinari artery and 
also with the anatomic findings in the mon- 
key. 

Although such tiny branches of the in- 
ternal carotid artery cannot be visualized 
roentgenographically under usual condi- 
tions, it is quite reasonable to assume that 
the vessel becomes enlarged and more easily 
visualized in cases of tentorial menin- 
gioma, 

However, visualization of the Bernasconi 
Cassinari artery is by no means pathog- 
nomonic of meningioma of the tentorium. 
It is seen also in meningiomas of the pos- 


terior falx, falco-tentorial arteriovenous 
malformations, temporo-occipital gliomas 


and other situations. The artery indicates 
the location and rich vascular supply of 
the lesion and not the type of pathology of 
the lesion. 


SUMMARY 


. The arteria tentorii (Bernasconi and 
Cassinar’ S artery) was visualized by carot- 
id angiography in 3 cases of brain tumors, 

2 with tentorial meningiomas and the other 
with a temporo-occipital basal glioblastoma 
multe nine. 

The available literature is reviewed 
a the anatomic studies in the monkey are 
described briefly. 

3. In the majority of the cases reported, 
the arteria tentorii was associated with 
tentorial meningioma; but visualization of 
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the artery is by no means pathognomonic 
of tentorial meningiomas. It only indicates 
the site and the rich vascularization of the 
lesion. 
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ASCENDING PHARYNGEAL-VERTEBRAL 
ANASTOMOSIS* 

By DEAN A. NIERLING, M.D.,t PAUL B. WOLLSCHLAEGER, M.D.,4 

and GERTRAUD WOLLSCHLAEGER, M.D.4 


COLUMBIA, MISSOURI 


HE demonstration of collateral path- 

ways in occlusive disease of the verte- 
bral and carotid arteries has become 
commonplace in patients with cerebrovas- 
cular insufficiency. 

Schechter! has emphasized the impor- 
tance of occipital-vertebral anastomosis. 
Bosniak! has described a variety of collateral 
pathways, called collectively the “cervical 
arterial collateral network.” These involve 
the occipital branch of the external carotid 
artery, the muscular branches of the verte- 
bral artery, and the thyrocervical and 
costocervical trunks of the subclavian 
artery. Collateral circulation has been 
shown to occur across the midline via the 
muscular branches of the vertebral arteries 
by North eż al. and through the superior 
thyroid and lingual arteries by Tatelman.’ 

Wiedenmann’ in 1962 described an anas- 
tomosis of the ascending pharyngeal artery, 
a branch of the external carotid artery, 
with the vertebral artery in a patient with 
no evidence of occlusive disease. This 
pathway was only shown because of acci- 
dental puncture of the ascending pharyngeal 
artery followed by injection of contrast 
medium. He felt that opacification of the 
pathway was due to increased pressure 
gradient by injection in this small vessel. To 
our knowledge, this collateral channel has 
yet to be described in a patient with def- 
nite occlusive vascular disease. The demon- 
stration of this collateral in such a patient 
prompts this report. 


REPORT OF A CASE 


A 56 year old male with symptoms of inter- 
mittent but progressive cerebrovascular in- 
sufficiency manifested by four “small” cerebro- 
vascular accidents involving the right side of 


the body was examined by left carotid arteriog- 
raphy. This was performed by direct puncture 
of the left common carotid artery. The internal 
carotid artery was occluded at its origin. The 
vertebral-basilar artery and its branches were 
opacified via collateral circulation between the 
occipital artery and the vertebral artery (mus- 
cular branches), but also via the ascending 
pharyngeal artery, and the vertebral artery at 
the level of C 2 vertebral body (Fig. 1, 4 and 
B). The anterior cerebral circulation was filled 
via the posterior communicating artery. This 
would indicate that the blood supply of the left 
cerebral hemisphere and the structures of the 
posterior fossa are dependent mainly on the 
anastomosis of the ascending pharyngeal artery 
and the vertebral artery. 

The ascending pharyngeal artery is the small- 
est branch of the external carotid artery arising 
on the posteromedial aspect of the external 
carotid artery just above its origin. It then 
courses cephalad between the internal carotid 
artery and the pharynx to the base of the skull. 
Descending branches of this vessel supply the 
pharynx. Other branches are the prevertebral 
branches which anastomose with the vertebral 
artery, the inferior tympanic artery, and men- 
ingeal branches? (Fig. 2 and 3). 


Comment. This case proves Wieden- 
mann’s theory that this vessel, in patients 
with carotid or vertebral artery disease, 1s a 
potential source of blood supply to the 
brain. The case is of further interest in that 
it shows two other potential sources of 
blood supply to the brain; namely, the 
occipital-vertebral channel and reverse 
flow through the posterior communicating 
artery to the anterior cerebral circulation. 


SUMMARY 


A case is presented of a patient with in- 
ternal carotid artery occlusion showing a 


* From the Department of Radiology (Neuroradiology), University of Missouri Medical Center, Columbia, Missouri. 


+ Resident in Neurosurgery, Columbia, Missouri. 


t Department of Radiology, Columbia, Missouri. Assistant Professor of Radiology. 
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lic. 1. (4) Lateral carotid angiogram showing occlusion of the internal carotid artery (1). The vertebral artery 
(2) 1s opacified by the ascending pharyngeal artery and its branches ( 3). The occipital-vertebral anastomo- 


va 


sis is seen (4). (B) Anteroposterior view showing the vertebral artery (2) and the ascending pharyngeal 


artery (3). 
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hic. 2. Schematic drawing of Figure 14 showing 
the ascending pharyngeal-vertebral anastomosis 
in black. 
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hic. 3. Modified from Gray’s Anatomy, 26th Edi- 
tion, page 636, showing the normal relationships 
of the ascending pharyngeal artery and carotid 
vasculature. 
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. THE CLINICAL SIGNIFICANCE OF THE AZYGOS 
ANTERIOR CEREBRAL ARTERY (A.C.A.)* 


By MARJORIE LeMAY, M.D., and CHARLES A. GOODING, M.D. 
BOSTON, MASSACHUSETTS 


W current augmented usage of cere- 
bral angiography, it is important to 
emphasize the anomalies of the cerebral cir- 
culation, as they are not rare and may have 
profound clinical implications. Variations of 
the anterior cerebral artery (A.C.A.), in 
particular, deserve attention because they 
govern the distribution of blood to the two 
hemispheres and certain clinical syndromes 
of cerebral vascular occlusive disease will be 
a function of their specific anatomic 
arrangement. Occasionally, both cerebral 
hemispheres are supplied by a single A.C.A. 
Since this anatomic variation is not always 
readily discernible roentgenographically 
when only 1 carotid artery is examined, 
careful observations were made of all carot- 
id arteriograms done during the past year 
for examples of unpaired A.C.A.s to corre- 
late their demonstration with the presence 
or absence of significant clinical abnormali- 
ties. 


PHYLOGENY 


A proper appreciation of the A.C.A. 
aberrations requires. cognizance of the 
phylogenetic development of the vessel. 
Critchley? and Watts,” over 30 years ago, 
summarized the pertinent contributions of 
preceding investigators (Rothmann,’ 
Windel, and Lesem’) and re-emphasized 
the close association of the type of A.C.A. 
with the pattern of the anterior portion of 
the circle of Willis. 

The most primitive pattern occurs in 
fishes, reptiles, amphibians, and birds. In 
these animals no anterior communicating 
artery exists, so there is no real circle of 
Willis and the two A.C.A.s lie parallel, 


without communication, on the mesial as- ` 


pect of the olfactory lobe. In snakes, 
tortoises, and crocodiles, however, the 


A.C.A.s may unite to form a common mid- 
line vessel which has been called the 
“azygos (unpaired) artery.” The common 
mammalian pattern (rabbit, squirrel, pig) 
consists of no anterior communicating 
artery; instead 2 short A.C.A.s are present 
which converge and form a median azygos 
artery which may or may not bifurcate 
more distally. 

Among the lower primates, there is no 
anterior communicating artery -and the 
anterior portion of the circle of Willis is 
quite variable. The A.C.A.s of the chimpan- 
zee unite at the entrance of the longitudinal 
cerebral fissure and course forward to the 
corpus callosum rostrum where the trunk 
then divides. The situation is quite similar 
in monkeys. The orangutan usually has 2 
A.C.A.s, although occasionally 3 have been 
found. The arterial anatomy of the gorilla 
most closely resembles that of man. 

Lesem’ stated that in the human fetal 
and infantile brains which he examined he 
found the sequences marking the transition 
of the A.C.A. from a single to 2 arteries. In 
22 out of 32 human fetuses (68 per cent) 
and in 18 out of 21 infant brains (75 per 
cent), the 2 A.C.A.s united to form a 
single artery within the longitudinal fissure. 
DeVriese* also found a higher incidence of 
azygos anterior cerebral arteries in the fetus 
than in the adult and advanced the hy- 
pothesis that originally, during an early 
stage of embryonic life, either 1 or 3 ante- 
rior cerebral arteries could exist. If only 1 
existed, the single stem would duplicate 
and, in the case of 3 vessels, 1 would de- 
generate. 

Baptista! recently reviewed the literature 
and found that of 2,153 brains studied, 23 
had unpaired or azygos A.C.A.s. In his own 
series of 381 brains, there was only 1 un- 


* From the Departments of Radiology, Harvard Medical School, Peter Bent Brigham Hospital and Boston Veterans Administration 
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paired A.C.A. He distinguishes the entity of 
azygos A.C.A. from bihemispheric A. 
the latter representing a situation in which 
1 A.C.A. is dominant and bifurcates at a 
variable distance from its origin to supply 
both hemispheres. This latter condition he 
found in 45 of his series. Many of the arter- 
ies that other authors have called “azygos 
A.C.A.s” because they were seen as single, 
large main vessels ascending toward the 
corpus callosum, have been called “bi- 
hemispheric A.C.A.s” by Baptista if they 
derived their main blood supply from 1 
carotid artery. 


THE COMMON ANATOMY OF 
THE A.C.A. IN HUMAN 


The anterior cerebral] artery arises from 
the internal carotid artery distal to the 
carotid syphon, crosses the anterior per- 
forating substance, where it gives off small 
medial striate vessels, and reaches the 
longitudinal intercerebral fissure. At this 
point, it connects with the contralateral 
anterior cerebral artery by the small an- 
terior communicating artery. It then turns 
upwards in the direction of the genu of the 
corpus callosum with which it is intimately 
associated as it parallels it in a wide arc to 


Post. internal 


frontal A. 
Med. internal 
frontal A. 
Ant. internal 
frontal A. 
Fromtopolar A. 
Orbital A. 
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continue over the corpus callosum to ter- 
minate near the splenium. It may lie in the 
sulcus of the corpus callosum or on the 
medial surface of the hemisphere; occa- 
sionally, it lies in the cingulate sulcus. The 
left and right A.C.A. are parallel, with the 
left usually residing slightly posterior. 

The first set of side branches, the medial 
striate arteries, consists of 3 or 4 very thin 
perforating branches, 1 of which may dis- 
tinguish itself by a wider caliber and has 
been called the recurrent artery of Heub- 
ner. This vessel runs in a lateral and dorsal 
direction and, finally, penetrates into the 
lateral part of the anterior perforating sub- 
stance, 

The major branches of the distal A.C.A. 
are shown in Figure 1. The branches are 
variable and 2 or 3 of them may issue from 
a4 common stem. The first is the orbitg/ 
artery (prefrontal artery of Critchley’), 
This begins just beyond the anterior com- 
municating artery. It may arise as a sep- 
arate stem, as a common stem with the 
frontopolar or, rarely, as a common stem 
with the frontopolar and callosomarginal 
arteries. It courses forward and downward 
to reach the orbital side of the frontal lobe 
under the orbital and olfactory gyri. 


Paracentral A. 


Sup. parietal A. 


pare 
cent® 
Precuneal A. 
Parietal 
occipital A. 


Fic. 1. Scheme of the main branches of the anterior cerebral artery (A.C.A,), 
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The: second in the series of the distal 
A.C.A. branches is the frontopolar artery. 
This begins on the convex side of the A.C.A. 
below the genu of the corpus callosum. It 
may have a separate origin, or arise from a 
common stem with either the orbital 
artery or the anterior internal frontal 
artery. It curves slightly downwards, 
enters the supraorbital sulcus and divides 
over the anterior portion of the superior 
frontal gyrus which it supplies. l 
The next branch of the A.C.A., the calloso- 
marginal artery, is by far its largest branch 


and usually arises in the region of the genu” 


of the corpus callosum. It crosses the cingu- 


late gyrus, passes through the cingulate | .. 


sulcus and during its course gives off suc- 
cessively the anterior, medial, and posterior 
internal frontal arteries and often the para- 
central artery. The anterior internal frontal 
artery begins near the genu, has a short 
ascending course, and supplies the antero- 
medial portion of the superior frontal gyrus 
on the convex and interhemispheric as- 
pects. The medial. internal frontal artery 
originates next and divides over the pos- 
teromedial portion of the superior frontal 
. gyrus. The posterior internal frontal artery 
supplies the posterior part of the superior 
frontal gyrus on the convex and interhemi- 
spheric aspects. The paracentral artery 
ascends to reach the paracentral lobule and 
supplies it and the adjoining superior parts 
of the precentral and postcentral gyrus. 

After the anterior cerebral artery has 
given off the callosomarginal artery, it con- 
tinues as the pericallosal artery, which 
often provides I or 2 small branches to the 
posterior central cortex, and superior parie- 
tal convolution and then as the more prom- 
inent precuneal artery, which courses in a 
posterior arc over the.cingulate gyrus to 
reach the precuneus. It perfuses most of the 
précuneus and the superoposterior part of 
the superior parietal convolution. 

The pericallosal artery may terminate in 
the precuneal branch or may continue to a 
parietal occipital branch which runs back- 
ward and ends in the parieto-occipital 
fissure. The terminal portion of the peri- 
callosal artery is often referred to as the 
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Fig. 2. Anomalies occurring in the distal portion of 
the A.C.A. (4) True azygos A.C.A. All the major | 
branches arise from a single trunk. (B) Bihemi- 
spheric A:C.A. Most of the major vessels arise 
from a single A.C.A. (C) Triple A.C.A. An acces- 
sory vessel arises from the anterior communicating 
artery which may be bihemispheric. 


posterior pericallosal artery. This gives off 
small branches to the cingulate gyrus and 
penetrating vessels to the corpus callosum 
and then continues in the sulcus of the 
callosum to supply the upper two-thirds of 
the splenium and anastomose with the pos- 
terior cerebral artery. 

Considerable variation occurs in the pat- 
tern of the A.C.A. and these have been de- 
scribed in detail-by Baptista.’ He described 
3 types of anomalies occurring in the distal 
A.C.A. (Fig. 2): (1) a single large vessel 
giving off all major vessels to both hemi- 
spheres; (2) 2 A.C.A.s, but only 1 supplying 
the majority of vessels to both hemispheres 
(a bihemispheric vessel); and (3) 2 A.C.A.s 
plus an additional median vessel (an acces- 
sory A.C.A. may be bihemispheric or go only 
to one hemisphere). : 


ROENTGENOGRAPHIC APPEARANCE 
OF THE A.C.A. 


Brief mention of the variations of the 
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Fic. 3. Left carotid arteriograms. (7) Anteroposterior view. The A.C.A. vessels supply only one hemisphere. 
(B) Lateral view. No pericallosal artery is filled. Arrows point to the callosomarginal artery. 


A.C.A. has been made by Taveras and 
Wood.” The most common irregularity 1s a 
difference in size of the proximal portion of 
zhe 2 vessels, the one on the left more often 
being larger. At arteriography, both distal 
arteries frequently are filled from one side, 
especially when the left carotid artery is in- 
Sected.!° Occasionally, there is bilateral 
alling when both right and left carotid 
irteries are injected separately, probably 


due to the union of the A.C.A.s for a short 
distance and the absence of a true anterior 
communication artery. This anomaly was 
noted in 3 of 30 brains dissected by Saltz- 
man'® and 6 of 200 brains studied by 
\Windel. 

During fetal life, the anterior communi- 
cating artery gives rise to a branch which 1s 
called the median artery of the corpus 
callosum.? This usually atrophies but may 





‘ig. 4. Right carotid arteriograms. (4) Anteroposterior view. The A.C.A. sends vessels to both hemispheres. 
(B) Lateral view. Both pericallosal arteries are filled. The left pericallosal (+) lies behind the right (+) in 
its ascending portion, and then courses posteriorly in the region of the cingulate sulcus. The right calloso- 
marginal artery is shown by the plain arrow (<). 
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lic. §. (4) A left carotid arteriogram of a man sus- 
pected of having metastatic disease. No perical- 
losal artery is shown. The frontopolar and internal 
frontal arteries arise as a common branch. (B) 
An anteroposterior left carotid arteriogram taken 
with cross compression of the right carotid artery. 
A large right A.C.A. is filled, presenting as a 
large single midline vessel which supplies both 
hemispheres. 


persist into adult life. Baptista found 1 
in 135 brains he examined. They are difficult 
to differentiate roentgenologically from a 
frontopolar artery, or the opposite anterior 
cerebral artery if only one side is injected. 
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It is not always possible to be certain 
roentgenographically, even when there is 
simultaneous opacification of both internal 
carotid arteries, that a single large trunk 
represents a true azygos A.C.A. rather than 
an A.C.A. derived from one side and supply- 
ing both hemispheres with a rudimentary 
A.C.A. on the opposite side. Most authors 
reporting anomalies of the A.C.A. found at 
dissection, have commented upon finding un- 
paired, and triplicate A.C.A.s, but have not 
ditterentiated bihemispheric vessels. Fig- 
ures 3, 4 and 6; and 4, 4 and B show an 
example of a bihemispheric anterior cere- 
bral artery. A left carotid arteriogram 
showed, in the anteroposterior view, an 
A.C.A. supplying one hemisphere. In the 
lateral view, its main continuing trunk was 
high and suggested the configuration of the 
pericallosal artery in hydrocephalus, but 
actualy was a callosal marginal vessel in 
normal position. Injection of the right carot- 
id artery showed the A.C.A. in the antero- 
posterior view to be bihemispheric and in 
the lateral view both pericallosal arteries 
originated from the right carotid artery. A 
more obvious bihemispheric vessel is shown 
in Figure 5, £ and B. 

To determine the angiographic frequency 
of A.C.A. anomalies, 107 consecutive ca- 
rotid angiograms, in which bilateral opaci- 
fication was obtained, were examined. In 
95 cases, the normal A.C.A. distribution 
could be identified. There were 4 cases of 
azygos A.C.A. and 8 cases of triple A.C.A. 
or bihemispheric A.C.A. It is probable that 
upon anatomic dissection I or more of the 
cases classified as an azygos vessel would be 
shown by Baptista’s classification to repre- 
sent a bihemispheric artery. Figure 6, 4 
and 6 shows 1 of the cases classified as 
having an azygos A.C.A. The patient was 
a man with a parietal lobe tumor and the 
azygos A.C.A. was an incidental finding. 

It is not surprising that unpaired A.C.A.s 
occur with other congenital anomalies. Pa- 
tients in whom the prosencephalon fails to 
divide into hemispheres, holotelencephaly, 
often have a single A.C.A."5 One patient 
has been observed during the past year 
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ic. 6. (4 and B) Right carotid angiograms with cross compression of a patient with a frento- 
parietal tumor. The unpaired A.C.A. is an incidental finding. 


(Fig. 7, £ and &) with an arteriovenous 
malformation who had an azygos anterior 
cerebral artery which was verified at au- 
topsy. Aneurysms of the pericallosal arte- 
ries, sometimes associated with malforma- 
tions such as craniosynostosis and coarcta- 
tion of the aorta, are not common. On the 
other hand, Laitinen and Snellman’? re- 
ported 3 patients with a single A.C.A. trunk 
associated with aneurysms of the perical- 
losal arteries and Pool and Potts* state that 
the incidence of aneurysms of the perical- 
losal arteries is higher in patients with 
azygos trunks. Figure 8, Z and B, is from a 
patient who entered the Peter Bent Brig- 
ham Hospital during the past vear with a 
subarachnoid hemorrhage. Arteriograms 
demonstrated a single anterior cerebral 
artery and an aneurysm near its origin. 

It is obvious that in cerebral vascular 
occlusive disease the location of an occlu- 
sion determines the extent and the severity 
of the ischemia. The following case history 
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Fic. 7. (4 and B) Right brachial arteriograms 
demonstrating a large arteriovenous malforma- 
tion and what was shown at autopsy to be an 
azygos A.C.A. (Courtesy of Dr. Edward B. D. 
Neuhauser. ) 








ttc. 8. (4 and B) An azygos A.C.A. associated with 
an aneurysm near its proximal end. 


dramatically illustrates the profound clin- 
ical implication of the azvgos A.C.A. anom- 
aly. 

REPORT OF A CASE 


A 48 year old woman file clerk (PBBH 5-53- 
§8) noted weakness of her left leg 1 month prior 
to admission, but was otherwise well until the 
day of admission when she experienced a grand 
mal seizure. She was incontinent of urine and 
feces and shortly thereafter became comatose. 
When admitted to a local hospital, her vital 
signs were normal, she was unresponsive to 
commands, she had no papilledema, but had a 
rigid left arm and leg. Deep tendon reflexes 
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were all exaggerated and she had ankle clonus. 
Soon after admission, she had another seizure, 
her blood pressure fell to 78/60 and she became 
cyanotic. She was treated with dilantin, deca- 
dron, and intravenous fluids and was trans- 
ferred to the Peter Bent Brigham Hospital. 

Past history. One year prior to admission, the 
patient had a hysterectomy, bilateral salpingo- 
oophorectomy and postoperative radiation 
therapy for mucinous cystadenocarcinoma of 
the Ovary. 

Physical examination. There were normal 
vital signs. The patient appeared dazed, but 
awake, and she was aphasic. The pupils reacted 
to light and there was no papilledema. There 
was a left central facial nerve palsy, a left hemi- 
paresis with extreme spasticity and hyperre- 
flexia, and positive Hoffmann and Babinski 
signs. She had no heart murmurs and physical 
examination was otherwise unremarkable. 

Roentgen examination. Roentgenograms of 
the chest were normal as were the skull roent- 
genograms which showed a midline pineal gland 
and no tracture. Bilateral carotid arteriograms 
(Fig. 9, 4, B and C) demonstrated no evidence 
of occlusion of any major vessel on the left. The 
left A.C.A. was small and extended only to the 
midline. On the right, several of the posterior 
insular branches of the middle cerebral artery 
were occluded. The A.C.A. was larger than the 
one on the left. It extended to the midline and 
ted a wide single midline vessel which was oc- 
cluded just after giving rise to an orbital branch 
and another small branch which extended up- 
ward and laterally for a short distance. Part of 
the distal portion of a pericallosal vessel filled 
by anastomotic branches from the middle cere- 
bral artery. 

Biopsy. Supraclavicular lymph node biopsy 
revealed metastatic adenocarcinoma consistent 
with an ovarian primary lesion. 

Hospital course. Shortly atter admission, the 
patient developed Cheyne-Stokes breathing, 
hypotension, and appeared in extremis. She 
temporarily improved slightly on dexametha- 
sone and intravenous fluids, but over the next 
3 weeks she gradually deteriorated, developing 
cold, pulseless peripheral extremities in spite of 
normal blood pressures. A transient episode of 
fever disappeared on antibiotic therapy. There 
was a progressive thrombocytopenia with a low 
of 32,000. Terminally, the patient developed 
shallow respirations and finally, apnea. Post- 
mortem examination was unobtainable. 
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lic. 9. (4) Left carotid arteriogram. A small A.C.A. extends only to the midline. No pericallosal artery fills. 
(B) Right carotid arteriogram. A single, midline A.C.A. fills and is occluded beyond the origin of the orbital 
branch. (C) Right carotid arteriogram. Occlusion of the A.C.A. and most of the insular vessels. A large 


posterior cerebral artery comes directly from the carotid artery. On the original film the d 


istal portion of 


the pericallosal artery was filled by anastomotic branches from the midline cerebral artery. 


Comment. The nature of this patient’s 
vascular occlusive disease was a clinical 
enigma. It was felt to be most likely non- 
bacterial thrombotic endocarditis with mul- 
tiple peripheral emboli in a patient with 
metastatic disease. Also considered were a 
thrombotic thrombocy topenic phenomenon 
and metastatic carcinomatous emboli. 

This case is unique in that it demon- 
strated occlusion of a single midline A.C.A. 
which resulted, most likely, in ischemic in- 


farction in both cerebral hemispheres and 
the corpus callosum. 


SUMMARY 


The phylogenetic development of the 
unpaired (azygos) anterior cerebral artery 
and its transient existence during human 
embryologic development are reviewed. 

Retrospective examination of arterijo- 
grams of 107 patients in whom both inter- 
nal cerebral arteries were opacified revealed 
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4 examples of azygos A.C.A. 

Azygos A.C.A.s may occur with other 
congenital anomalies. Cases showing their 
occurrence with an arteriovenous malforma- 
tion and an aneurysm of a pericallosal ar- 
tery are presented. 

The clinical implications of the azygos 
A.C.A. or bihemispheric anomaly, are illus- 
trated by a case history of a patient who 
had occlusion of a single large anterior cere- 
bral vessel. 


Marjorie LeMay, M.D. 
Harvard University 

University Health Services 

75 Mt. Auburn Street 
Cambridge, Massachusetts 02138 
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PRIMARY ARACHNOID CYSTS OF THE 
SELLA TURGICA* 


By B. ALBERT RING, M.D., and MARGARET WADDINGTON, M.D. 


BURLINGTON, VERMONT 


NTRACRANIAL arachnoid cysts are 

well known entities but are not com- 
mon. Primary arachnoid cysts involving 
the sella turcica are even more unusual, and 
we were able to find only 2 cases in the 
literature. The following case reports are 
considered warranted because of the rarity 
of this condition and the happenstance of 
having seen 2 cases in a 4 month period. 


REPORT OF CASES 


Case 1. The first patient was a 17 year old 
white male student admitted because of a com- 
pression fracture of the first lumbar vertebra. 
Five years previously, the patient had sustained 
an orbital fracture but was otherwise in good 
health. Current examination was negative ex- 
cept for facial abrasions and lumbar tender- 
ness. Roentgenograms of the skull and facial 
bones showed an old well-healed fracture of the 
inferior rim of the left orbit and an enlarged, 
eroded sella turcica. Roentgenograms from the 
time of the original facial injury were obtained 
and the sella turcica was seen to have been 
eroded at that time with no change over the 
intervening § years. 

Visual fields and pituitary function studies 
were normal as was the spinal fluid. 

Bilateral carotid angiograms showed ques- 
tionable elevation of the anterior cerebral artery 
on the right, and slight elevation of the venous 
angle, bilaterally, consistent with suprasellar 
extension of pituitary tumor. Pneumoencepha- 
lography showed no evidence of a solid tumor 
but a large thin-walled cystic area was found 
extending above the diaphragm of the sella 
turcica. (Fig. 1, 4-E£). 

The patient was treated for the vertebral 
fracture and was discharged to return periodi- 
cally for follow-up roentgenographic study of 
the sella turcica. 

Case u. A 44 year old white housewife had 


routine sinus roentgenograms for headache. 
The sinuses were not remarkable but the sella 


turcica was enlarged and appeared eroded so 
that she was admitted for evaluation of sus- 
pected pituitary adenoma. The patient had 
been generally well except for labile hyperten- 
sion and no physical abnormalities were noted 
other than mild hypertension. Endocrine 
studies including thyroid, adrenal and pituitary 
function were normal. Visual fields and spinal 
fluid were normal. Bilateral carotid angiograms 
were not remarkable. Pneumoencephalography, 
on early films, suggested extrasellar extension of 
a pituitary tumor; however, subsequently this 
was shown to be a cyst with very thin and 
smooth walls (Fig. 2, 4—F). 

The patient was discharged to return peri- 
odically for follow-up roentgenograms of the 
sella turcica. 


DISCUSSION 


The older literature on arachnoid cysts 
is confusing since cysts of all types were 
grouped together. The leptomeningeal cysts 
are a distinct entity and are not considered 
here, although they have been reported to 
erode the base of the skull’ and could con- 
ceivably involve the sella turcica. Starkman 
et al.,° in 1958, differentiated the primary or 
congenital intracranial arachnoid cysts that 
are continuous with normal arachnoid from 
secondary cysts developing after hem- 
orrhage, trauma or infection. The primary 
cysts may occur at any age and Lewis,’ in 
1962, reported hydrocephalus in infancy 
due to arachnoid cysts. More recent reports 
of primary arachnoid cysts were published 
by Weinman” and Kruyff? in 1965. A re- 
view of the literature was given by all these 
authors. 

Arachnoid cysts usully occur over the 
cerebral hemispheres in the sylvian fissure 
or posterior fossa. They are benign in them- 
selves but may cause symptoms from pres- 
sure, depending on their location. Although 


* This investigation was supported by National Institute of Health research grant #5-ROI-HE-05174-06. Dr. Waddington is sup- 
ported in part by training grant #5-TI-NB-5032-11 from the National Institute of Neurological Diseases and Blindness. 
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tc. 1. Case 1. (4) Plain skull roentgenogram show- 
ing an enlarged sella turcica with eroded clinoid 
processes. (B) Pneumoencephalogram, upright 
study. Cisternal air appears to abut against a 
suprasellar mass. (C) Brow-up lateral study show- 
ing gas filled space in the chiasmatic cistern. (D) 
Autotomogram showing smooth wall of cyst and 
elevated floor of third ventricle. 





<“KK 


Fic. i. (E£) Line drawing. The ventricles are in 
broken lines, the gas in cistern and the cyst in 


solid black. 
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Fic. 2. Case u. (4) Lateral carotid angiogram showing central veins and large sella turcica. (B) Pneumo- 
encephalogram, upright study. Gas in the chiasmatic cistern appears to be passing over a suprasellar mass. 
(C) Brow-up lateral study shows gas filled space in the chiasmatic cistern. (D) Autotomogram showing 
elevated floor of the third ventricle and no solid tumor. 


over a hundred cases have been reported 
in the literature, only 2 cases of arachnoid 
cysts eroding the sella turcica could be 
found. The first of these was described by 
Twining eż al. in 1936 in a discussion of 
roentgenographic changes with pituitary 
tumors. Robertson,’ 1n his text on pneumo- 
encephalography, presents I case and de- 


scribes the findings without comment. 
There is a striking similarity in the roent- 
genographic appearance of the sella turcica 
in these cases and our Case 1. Both Twin- 
ing and co-workers’ and Robertson’s cases 
had surgery and in each case only a thin 
walled cyst of normal arachnoid tissue was 
found. 





Fic. 2. (E) Line drawing. The ventricles are in 
broken lines, the gas in cistern and cyst in solid 


black. 


As surgery was not performed in either 
of our cases, the diagnosis is presumptive, 
but is considered warranted for the follow- 
ing reasons: (1) the absence of solid ele- 
ments of tumor on pneumography; (2) the 
similarity between our cases and those re- 
ported previously; and (3) the circumstance 
of having a 5 year follow-up in Case 1 with- 
out evidence of further sella change which 
would be highly unlikely in a cystic tumor. 

These cysts may arise in the small sub- 
arachnoid space described by Di Chiro! 
and by Taveras and Wood!? between the 
diaphragma sellae and the pituitary. Pneu- 


moencephalography is diagnostic due to. 
the fact that cystic tumors in this area — 


always have some solid elements that are 
recognizable with careful study. Since air 
lying laterally in the sylvian fissure or in 
the cisternal space about the carotids, as 
described by Lewtas and Jefferson,‘ may 
be confusing, it is imperative that the mid- 
line structures be seen. This is best accom- 
plished by autotomography in the hanging 
head position as described by Schvarcz’ in 
1959 and Schechter and Jing*® in 1960, in 
which the floor of the third ventricle is seen 
as well as the intra- and suprasellar areas. 

This condition is probably not as rare as 
the paucity of reports in the literature 
would indicate. Several neuroradiologists 
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who were questioned had seen or heard of 
a similar case and the absence of reports is 
probably due to reluctance in reporting an 
isolated case. This condition should be in- 
cluded in the differential diagnosis of sella 
turcica erosions, especially when these oc- 
cur in the absence of ocular or hormonal 
changes. Once the cysts are filled with air, 
they are presumably in free communication 
with the subarachnoid space and should 
cause no further damage. The importance 
of correct diagnosis is in avoiding unneces- 
sary therapy and points out the fallacy of 
treating lesions in the sella turcica area 
without complete roentgenologic evalua- 
tion. 


SUMMARY 


Two cases of primary arachnoid cysts in 
the pituitary fossa are reported. This is a 
rare condition but should be included in the 
differential diagnosis of processes causing 
erosion of the sella turcica. The diagnosis 
may be established by pneumoencephalog- 
raphy. 


B. Albert Ring, M.D. 
Department of Radiology 
The University of Vermont 
College of Medicine 
Burlington, Vermont 05401 
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EXTRASELLAR EXTENSION OF 
PITUITARY ADENOMAS 


CLINICAL AND NEURORADIOLOGICAL CONSIDERATIONS 


By ERICH G. KRUEGER, M.D.,* and SOL M. UNGER, M.D.+ 
NEW YORK, NEW YORK 


ibe treatment of pituitary tumors re- 
quires an early and exact assessment 
of the extent of the neoplasm for the pur- 
pose of adequate therapy not only by the 
neurosurgeon but by the radiotherapist as 
well. In addition, close cooperation between 
the neurological surgeon, neuroophthal- 
mologist, endocrinologist and diagnostic 
and therapeutic radiologist is imperative 
for the successful management of patients 
suspected of harboring a sellar or parasellar 
mass lesion. The neurological, endocrino- 
logical and plain skull roentgenographic 
findings, important as they are, allow in 
most instances no definite clue as to the 
etiology of the lesion,” unless there is evi- 
dence of a hypersecreting tumor such as an 
eosinophilic adenoma or hyperostosis of the 
tuberculum sellae commonly associated 
with meningioma at this site. 

Clinical and roentgenologic findings may 
occasionally but not consistently suggest 
the presence of a large mass. However, 
these are not sufficient to delineate the 
exact extent of the tumor, nor do they offer 
any reliable information as to the relation- 
ship of the tumor to the adjacent neural 
and vascular structures. 

Extensive extrasellar growth is more of- 
ten observed in chromophobe adenomas. 
However, Cushing and Davidoff® described 
4 cases of acromegaly with large extrasellar 
extension. Erosion of the sella is most un- 
usual in basophile adenoma, although occa- 
sionally a case is encountered in which a 
basophile adenoma enlarges the sella to 
such an extent that pressure phenomena 
necessitate surgical intervention. 

As White and Warren®® pointed out, 


little attention has been paid to the poten- 
tial danger of letting a pituitary neoplasm 
grow to an unusual size. This is particularly 
apt to occur with chromophobe adenomas 
in instances of unusual fixation of the 
chiasm with absent or only late involve- 
ment of the decussating fikers in the optic 
chiasm. However, it is not unusual to find 
also examples of very large chromophobe 
or mixed pituitary adenomas associated 
with visual impairment, which were allowed 
to attain unusual size as the result of either 
procrastination, prolonged or overenthusi- 
astic use of radiotherapy, failure of early 
diagnosis and omission of early use of 
pneumography and/or angiography. In 
these patients, the neoplasms may extend 
into unusual areas, causing a departure 
from the classic clinical syndrome, render- 
ing the diagnosis difficult and the surgical 
treatment prohibitively hazardous. Also 
the prospects of a satisfactory response to 
radiotherapy are not very bright in such 
widely extending adenomas, the exact size 
of which is not even known or suspected. 
Although it is frequently assumed that 
unusual degrees of extrasellar extension are 
rare, it occurred at a rate of 22 per cent in 
338 patients of the Cushing series!’ and in 
14 per cent of Jefferson’s!’ 128 cases. 
Cerebral pneumography and angiogra- 
phy are the only methods which permit an 
accurate delineation of intracranial extra- 
sellar extension of a pituitary neoplasm and 
should therefore be carried out before any 
irradiation or surgical treatment is con- 
templated. Radioisotope scanning has like- 
wise been used for the localization of supra- 
sellar masses. However, due to the fact that 
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the isotope concentration is as high in the 
temporal muscle as in the tumor, only large 
neoplasms extending well above the sella 
turcica can thus be detected.” The method, 
¿lthough useful, is therefore only of limited 
value for the localization of tumors of the 
hypophyseal and suprasellar region. Al- 
though the significance of these diagnostic 
procedures has been more widely recognized 
in recent years by neurological surgeons 
end neuroradiologists as well, they have 
aften been considered superfluous or their 
importance has not been sufficiently appre- 
ciated by the general radiologist, radio- 
therapist or internist who are often called 
upon to treat pituitary neoplasms. 
Pneumography in most instances, even 
of limited suprasellar tumor extension, will 
delineate a pituitary tumor by evidence of 
encroachment on the basal cisterns and the 
infundibular portion of the third ventricle. 
Cerebral angiography, which also allows an 
estimate of the tumor size, particularly in 
larger neoplasms, may furnish additional 
valuable information concerning the rela- 
tionship of the tumor to the arteries of the 
circle of Willis and to the cavernous portion 
of the internal carotid artery. Furthermore, 
displacement of the internal cerebral and 
basilar veins can be detected in tumors ot 
larger size, particularly with predominantly 
superoposterior direction of growth. In ad- 
dition, angiography permits, In most in- 
stances, to exclude the presence of an arte- 
rial aneurysm which worked its way into 
the sellar and suprasellar area, simulating 
a pituitary tumor clinically as well as 
roentgenographically. White and Ballen- 
tine? collected and described 36 cases of 
intrasellar aneurysms simulating hypophy- 
seal tumors, mentioning briefly 12 other 
instances. They implied that routine an- 
cicgraphy should be employed in hypophy- 
seal tumor suspects. Occasionally, the 
engicgram will also reveal the etiology of 
« chiasmal and hypopituitary syndrome by 
cemenstrating increased vascularity or a 
tumor stain, as in the case of a tuberculum 
sellae meningioma. 242 
Itis the intention of the authors to illus- 
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trate aad to re-emphasize the relative value 
of pne. mography and angiography in cases 
of pitu:tary neoplasms with extrasellar ex- 
tension and to furnish some additional in- 
format on for a fuller understanding of the 
subject. 


CLINICAL AND DIFFERENTIAL 
DIAGNOSTIC CONSIDERATIONS 


The neuroradiological diagnosis of ex- 
panding pituitary adenomas requires not 
only familiarity with the normal and path- 
ological roentgenological as well as topo- 
graphical anatomy of the sella turcica and 
its adjacent structures, but also knowledge 
of the differential diagnostic features of 
other lesions in the sellar or juxtasellar area 
and, in addition, some information concern- 
ing the clinical and pathological manifesta- 
tions cf pituitary tumor spread. This in- 
formaton, available in textbooks, mono- 
graphs and numerous publications of the 
neurological, neurosurgical and neuroradt- 
ological literature, can obviously not be 
discussed completely or in detail. However, 
some aspects, necessary for a fuller under- 
standirg of the various phenomena of ex- 
traseller extension of pituitary tumors and 
the prcblems of their diferential diagnosis, 
will be mentioned. 

Extrasellar growth of hypophyseal ade- 
nomas is unpredictable and, according to 


Jefferson," dependent upon several factors: 


the grcwth urge of the adenoma, the state 
of fixation of the chiasm, the shape of the 
pituitary fossa and the nature of its dia- 
phragm. The tumor can predominantly 
grow in one direction or in various directions 
simultaneously. Erosion of the confines of 
the sella in posterior, interior and anterior 
directions is the earliest and most frequent 
manifestation of extension. In most in- 
stances the initial roentgenologic diagnosis 
of an ntrasellar mass depends upon the 
enlarged size and abnormal shape of the 
sella turcica, although chromophobe pitu- 
itary tumors with even large suprasellar 
extensions may occasionally be encountered 
in the presence of a normal sella turcica,?? 
or a small intrasellar mass mav be con- 
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nected by a narrow neck with large bulbous 
extensions into the frontal or temporal 
lobes.” Of course, a ballooned-out sella 
‘turcica does not indicate the presence of a 
pituitary adenoma. It can occur with 
craniopharyngiomas, in extension of a tu- 
berculum sellae meningioma or arterial 
aneurysm into the sella, with inflammatory 
involvement of the hypophysis, with marked 
dilatation of the floor of the third ventricle 
or increased intracranial pressure, and also 
metastatic tumors of the pituitary as well 
as malignant tumors of the sphenoid bone 
(chordoma, myeloma, sarcoma) may simu- 
late extensive pressure erosions of the sella 
turcica as seen with large pituitary tu- 
mors, 25:27.38 

. The presence of intra- or suprasellar cal- 
cifications is also of limited diagnostic value 
in the diagnosis of the type or extent of a 
sellar tumor.?®?! Intrasellar calcifications 
occur in § to Io per cent of pituitary ade- 
nomas; they may vary from fine speckling 
to a dense mass.?” Suprasellar calcifications 
are found only infrequently in pituitary 
adenomas” and in §0 per cent or 70 to 80 
per cent??? of the craniopharyngiomas. 
Similar calcifications may be less frequently 
seen in meningiomas, dermoid tumors or 
aneurysms.?” The ringed or eggshell type 
of calcification is apt to occur in aneurysms, 
craniopharyngiomatous cysts or dermoid 
tumors.?™?? Rand” observed a ring-like 
calcification outlining the marked extra- 
sellar extent of a chromophobe pituitary 
adenoma, and, also, Davidoff and Epstein’ 
observed a curvilinear streak of calcification 
in an adenoma. White and Ballentine?’ 
cited 4 cases in which suprasellar calcifica- 
tions in an aneurysm were misinterpreted, 
leading to subsequent exploration for sus- 
pected craniopharyngiomas. 

Aneurysms which produce compression 
of the optic nerves and chiasm*!*?? or sim- 
ulate pituitary tumors*”* originate most 
often from the internal carotid artery, 
although some project downward from the 
anterior cerebral or anterior communicat- 
ing arteries.?”* In one reported instance, a 
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huge sac protruded forward into the sella 
turcica from the rostral end of the basilar 
artery. Chase and Taveras‘ found that the 
aneurysms usually arose from the internal 
carotid artery just distal <o or at the origin 
of the ophthalmic artery or from the an- 
teromedial aspect of the supraclinoid por- 
tion. White and Ballentine?’ felt that the 
majority of aneurysms simulating pituitary 
tumors probably originated from the in- 
fraclinoid segment. 

Roentgenograms of the skull showing 
ipsilateral erosion of the anterior clinoid 
process or widening of the supraorbital 
fissure may arouse suspicion of an aneurysm. 
Erosion of the lower and outer wall of the 
optic canal or union of the optic canal with 
the supraorbital fissure has been regarded 
as pathognomonic or almost pathogno- 
monic of an aneurysm.!* However, other au- 
thors believe that similar osseous changes 
may be seen in tumors producing enlarge- 
ment of the sella turcica or in pituitary 
chromophobe adenomas.’ 


PATHWAYS OF TUMOR EXTENSION 


Several pathways of extrasellar extension 
of pituitary adenomas have been described 
by various authors on the basis of autopsy 
and operative findings.§1517:3° Jefferson!” 
listed a frontal, temporal, hypothalamic, 
posterior and pharyngeal type. White and 
Warren® distinguished 6 possible pathways: 
pharyngeal, hypothalamic, frontal, tem- 
poral extension, invasion of the cavernous 
sinus, and posterior subtentorial extension. 

1. Extension into Sphenotd Sinus and 
Nasopharynx. Erosion o? the sellar floor 
with extension of the tumor into the sphe- 
noid sinus is the most common type. As 
mentioned above, invasion of the sphenoid 
sinus can be easily recognized in many 
cases on skull roentgenograms.* However, 
this event may remain clinically unrecog- 
nized and may actually delay the onset of 
the classic symptoms unless, in rare in- 
stances, rhinorrhea should supervene, or 
unless the tumor penetrates into the naso- 
pharynx.*439 This may manifest itself by 
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increasing nasal discharge and obstruction, 
A mass in the roof of the nasopharynx can 
eften be demonstrated. There were 8 exam- 
ples of this in Cushing’s series as reported 
a wy Henderson.’ 

2. Hypothalamic Extension. Compression 
and displacement of the hypothalamus oc- 
curs if the tumor extends upward and back- 

ee usually behind a prefixed chiasm. In 
spite of considerable involvement of the 
hy aa there may be a paucity of 
symptoms aside from headaches, visual 
impairment, apathy and stupor. Hypo- 
taalamic symptoms such as polydipsia and 
polyuria or cardiac, respiratory or tempera- 
ture regulatory disturbances are uncommon 
unless actual destruction or invasion of 
hypothalamic structures occurs. 52540 [f 
the tumor reaches the foramen of Monro 
and thus blocks the cerebrospinal fluid 
cutflew, severe headache, papilledema and 
hvdrecephalus may occur.’ Some of the 
mentioned features including polvdipsia 
were observed in 1 of our patients (Case 
vi, Fig. 5, 4 and B). 

3. Frontal Extensions. It a tumor grows 
in a forward and upward direction emerg- 
ing, as it were, in front of a post-fixed 


chiasm, it may extend into the anterior 
fossa, compressing the olfactory bulbs, 


separating and compressing the frontal 
lobes or invading one or both frontal lobes. 

These frontal extensions are usually larger 
tian the intrasellar components! and they 
may be either solid or cystic in character. 
White and Warren?’ reported in detail 1 
xatient with combined frontal and posterior 
sibtentorial growth. In a review of the 
literature, they found only 4 examples of 
frontal extension on record. They com- 
mented briefly on a similar case encountered 
by one of the authors. Personality changes, 
epileptic seizures, olfactory and visual dis- 
turbances are commonly encountered in 
tiese patients. We observed 1 patient with 
a solid intrasellar chromophobe adenoma 
and a cystic component extending into the 
r ght frontal lobe. The symptoms and find- 
ings in this patient consisted of headache, 
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lack of concentration, unilateral superior- 
temporal quadranopia, diplopia and papil- 
ledema (Case v). 

4. Temporal Extension. Adenomas ex-` 
tending in a lateral direction between the 
cavernous sinus and the chiasm invade the 
middle cranial fossa, impinging upon the 
medial aspect of the temporal lobe and 
the optic tract, causing temporal lobe sei- 
zures with olfactory aura and homonymous 
hemianopia. 515212780 Davidoff and Ep- 
stein’ demonstrated pneumoencephalo- 
graphic evidence of a large eosinophilic 
pituitary adenoma extending out of a rel- 
tively normal sella turcica into the temporal 
ee 

5. Fevolcement of the Cavernous Sinus. 
The cavernous sinus may be attected by 
intrinsic pressure on its medial wall by an 
expandmg tumor. Actual invasion of the 
cavernous sinus and Meckel’s cave occurs 
when tae adenomas have taken on malig- 
nant caaracteristics.!’ Weinberger, Adler 
and Grant?’ described 14 cases with cavern- 
ous sinus invasion in a series of 169 cases of 
verified pituitary adenomas. Extraocular 
palsies, irritation of the ophthalmic division 
of the trigeminus or trigeminal anesthesia 
and engorgement of orbital veins are the 
resultant manifestations of cavernous sinus 
invasion. 3? Mere displacement of the 
cavernaus sinus and distortion of neural 
structures may be responsible for incom- 
plete extraocular palsies. In 3 of our 6 pa- 
tients who had either diplopia, or in 1 in- 
stance ptosis, the symptoms disappeared 
following surgical intervention. In a previ- 
ously reported case of massive hemorrhage 
into a presumably chromophobe adenoma, 
a spontaneous total recovery of bilateral 
external ophthalmoplegia, severe visual 
impairment and hypopituitarism occurred, 
indicating that the extraocular nerves can 
be severely attected by extrinsic pressure on 
the cavernous sinus alone.'§ 

6. Posterior Subtentorial Extension. The 
posterior and inferior extension of pituitary 
adenomas is the most unusual form. White 
and Warren”? reported a case of this type 
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FIG. 1. Normal lateral brow-up pneumogram, show- 
ing basilar cisterns traversed by optic nerves and 
well-filled infundibular portion of the third ven- 
tricle. 


with simultaneous frontal expansion. Wein- 
berger, Adler and Grant?! described 2 cases 
with simultaneous tumor growth into the 
subtentorial space, in I instance presenting 
itself as a cerebellopontine angle tumor with 
erosion of the petrous apex, cerebellar signs 
and unilateral paralysis of the third, fifth, 
sixth and eighth cranial nerves as well as 
bilateral papilledema, with reduced vision 
but without visual field defects. 


ELEMENTS OF PNEUMOGRAPHIC 
DIAGNOSIS 


The demonstration of pituitary adeno- 
mas and the assessment of their size on the 
pneumogram (Fig. 1) depend on the degree 
of their suprasellar extension.'* The resul- 
tant encroachment on the basal cisterns 
and indentation of the third ventricle or 
even of the frontal horns of the lateral ven- 
tricles are best seen on lateral exposures. 
Although the anteroposterior view reveals 
the filling defect of the infundibular portion 
of the third ventricle (Fig. 4 through 6) and 
in cases of unilateral suprasellar growth, a 
shift of the ventricular system (Fig. 7B), it 
usually fails to reveal the lateral extent of 
the tumor. Even when anteroposterior pro- 
jections with central ray angulation of 20 
to 35 degrees are used in order to better 
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demonstrate the suprasellar cisterns and 
olfactory sulci or the encroachment upon 
them, the lateral extent of the tumor is of- 
ten not demonstrated.? Of course, large 
infratemporal extensions are known to 
cause elevation of the involved temporal 
horn. 

Bakay and White’ introduced a classifica- 
tion based upon the degree of suprasellar 
extension of pituitary adenomas. An extent 
of o.§ cm. already caused an intrusion into 
the chiasmatic and interpeduncular cisterns 
and with an extent to 1 cm. the inferior por- 
tion ot the third ventricle was reached. 
Extension of 2 and 3 cm. produced definite 
to marked indentations of the third ven- 
tricle. Further extent to 3.5 cm. was con- 
sistent with encroachment on the foramen 
of Monro, although this was rarely ob- 
structed. Also, indentation and elevation of 
the anterior horns of the lateral ventricles 
occurred at this degree of suprasellar exten- 
sion. Similar degrees of suprasellar growth 
were noted in our patients as shown in Fig- 
ures 3 through 6. The tumors usually 
project upwards and caudally as a cone 
or cone-shaped mass, wedging themselves 
between the chiasmatic and interpeduncu- 
lar cisterns. Although some authors’ 
termed the obliteration of the cisterna 
chiasmatis in pituitary adenomas as char- 
acteristic, this was not always observed in 
our material of pituitary adenomas, nor 
had this been the experience of other ob- 
servers.2)!7 However, obliteration of the 
chiasmatic cistern was also noted in 1 of our 
cases of intrasellar craniopharyngioma with 
considerable suprasellar extent. This pa- 
tient had been treated under the diagnosis 
of chromophobe adenoma and had received 
two courses of radiation therapy in two 
other hospitals during recent vears. Since 
contrast studies had not been carried out, 
the actual size of the tumor also remained 
unknown. 


ELEMENTS OF ANGIOGRAPHIC DIAGNOSIS 


The angiographic diagnosis of pituitary 
adenomas which grow exclusively within 
the enlarged sella turcica is primarily de- 





l'iG. 2. (4) Normal right angiogram. (B) Normal left angiogram (numbers indicate the various segments of 
the carotid siphon according to Fischer (as cited by Ecker and Riemenschneider!). (1) Supraclinoid seg- 
ment; (2) infraclinoid (intradural) segment; (3 and 4) anterior and posterior portion of intracavernous seg- 


ment; and (§) precavernous segment. 


pendent upon displacement of parts of the 
intracavernous segment of the carotid ar- 
tery (Fig. 28). Suprasellar extension of the 
adenomas, at least of appreciable degree, 
manifests itself mainly by alterations of 
the supraclinoid segment, the carotid bj- 
furcation, the anterior cerebral arteries, 
and, to a lesser degree, by deflections of 
the anterior choroidal, posterior commu- 





Fic. 3. Case 1. Chromophobe pituitary adenoma in a 


nicating, posterior cerebral arteries, and, 
rarely, of the pericallosal arteries. With 
tumor growth in predominantly supero- 
posterior and lateral directions, displace- 
ment of the basilar vein and/or of the 
internal cerebral veins is encountered (Fig. 
IO). 

Due to the frequency of normal varia- 
tions and asymmetry in the course of the 





53 year old male. (4) Lateral pneumogram shows 


moderately-sized posterosuperior extension of adenoma, wedged between the well-filled chiasmatic and 


interpeduncular cistern. Note encroachment on 3rd ventricle. 
tal obliteration of infundibular portion of 3rd ventricle. 


(B) Anteroposterior view demonstrates par- 
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Fic. 4. Case 11. Chromophobe pituitary adenoma, partially cystic, in a 35 year old male. (4) Lateral pneumo- 
gram shows a fairly large, predominantly upward, suprasella> extension. Note distortion and sparse filling 
of chiasmatic and interpeduncular cistern. (B) Anteroposterior exposure shows obliteration of infundibular 
portion with slight displacement of 3rd ventricle to the right. 





Fic. ç. Case ut. Chromophobe pituitary adenoma with marked hemorrhage (25 cc.) into the tumor in a 35 
year old acromegalic male. (4) Lateral pneumogram shows an enlarged sella turcica and a large suprasellar 
mass cbliterating the anterior and inferior portion of the 3rd ventricle, the cisterna chiasmatis and partially 
the cisterna interpeduncularis. (B) Posteroanterior view shows obliteration of the lower half of the 3rd ven- 


tricle. 
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Fo. 6. Case 1v. Chromophobe pituitary adenoma in a 26 year old male schizophrenic. (4) Midline lamina- 
sram of pneumogram demonstrates an enlarged sella turcica and a suprasellar mass with predominantly 
super or extent, obliterating the basilar cisterns, the anterior and infundibular portion of the 3rd ventricle 
and encroaching on the frontal horn and foramen of Monro. (8) Anteroposterior pneumogram shows oblit- 


eration of the lower portion of the 3rd ventricle and encroachment on the left lateral ventricle. 


— acl. 


lic. ~. Case v. Chromophobe pituitary adenoma in a 





4 year old male. Solid tumor in enlarged sella turcica 


with large cystic component (35 cc.) in right frontal lobe. (4) Left lateral ventriculogram demonstrates 
encroachment of a large frontal mass on the right lateral ventricle with elevation and thinning of the frontal 
horn and anterior third of the ventricular body. A mass is also seen protruding from an enlarged sella 


tureica, wedging its dome between the chiasmatic and interpeduncular cisterns. (B) Anteroposterior view 
shows elevation and distortion of the right lateral ventricle and shift of the ventricular system to the left. 
(A shift and bowing of the right pericallosal artery had been noted on a previous angiogram.) 


anterior cerebral arteries (Fig. 2, Æ and B) 
and supraclinoid segments of the carotid ar- 
teres, small deflections, even if asymmet- 
rical, may have little clinical significance.” 
Therefore, normal variations should be 
kept in mind to avoid too many patholog- 
ica! diagnoses. 

Some authors described asymmetrical 


displacements of the carotid siphon as 
characteristic for all sellar and suprasellar 
growths (Fig. 8, E and F; and 9, C and D). 
Bilateral angiograms are, therefore, neces- 
sary in order to arrive at a proper evalua- 
tion.2! A clinically significant displace- 
ment occurs, however, only when a lesion 
has attained a certain critical size. Accord- 
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liG. 8. Case vi. Chromophobe, mainly solic, pituitary adenoma in a 44 year old male. (4) Roentgenogram 
reveals enlarged sella turcica with thinning of dorsum sellae and posterior clinoids. (B) Lateral pneumogram 
shows a posterosuperior extension of a moderate-sized tumor between the chiasmatic and interpeduncular 


cistern. 


ingly, pituitary tumors, even with con- 
siderable dorsal protrusion or posterior 
extension, may be present without disturb- 
ing the anterior cerebral arteries or the T 
of the internal carotid artery?" (Fig. 8, E 
and F). It is for this reason hae sev šal 
groups of workers consider pneumography 
more reliable in the visualization of pitu- 
itary adenomas with smaller or moderate 
superior extension or even larger posterior 


extension, although it is conceded that 
tumors extending high above the sella 
turcica may be well delineated bv either 


method.?:?* In the determination of lateral 
extension of the tumor, angiography ap- 
pears superior.®™" 

DISCUSSION 


The value of neuroradiological contrast 
studies in the diagnosis and management 


of pituitary tumors or other neoplasms of 


the sellar or parasellar region has been 
more generally appreciated only in recent 
vears. As late as 1955, Davidoff and Ep- 
stein’ explained the relative paucity of con- 
tributions dealing primarily with the pneu- 
moencephalographic aspects of pituitary 
adenomas: “The obvious reason is that the 
diagnosis can usually be made without such 


aid.” However, already in 1940 Jefferson!” 
strongly recommended the use of pneumo- 
encephalography, indicating that the su- 
prasellar extent of a pituitary adenoma is 
best assessed by this method. 

A radical change in the attitude of many 
neurosurgeons and neuroradiologists to- 
wards the use of either pneumography 
and/or angiography emerged in the past 
decade. To judge by the original articles 
published on this subject since 1950, there 
is unanimity of opinion that a contrast 
study should be performed in all pituitary 
adenomas or other chiasmal lesions before 
radiation or surgical intervention is con- 
templated. However, the question whether 
pneumography or angiography is the pre- 
terable procedure or whether both should 
be employed, and in what sequence, has 
remained a controversial subject. Several 
authors??85." accept pneumography as 
the method of choice in patients suspected 
of harboring a lesion within the sellar or 
juxtasellar area. With rising popularity and 
diagnostic refinement of cerebral angiog- 
raphy, this opinion has been challenged 
by some authors. Lima!® stated: “The prin- 
cipal contribution of cerebral angiography 
in the management of hypophyseal ade- 
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nomas resides in the fact that it is capable, 
` with greater precision and greater security 
than a simple clinical and radiological 
examination and ventriculography, of guid- 
ing the decision of the physician, the tech- 
nique of the neurosurgeon, and the mode of 
action of the radiotherapist.” Also Driesen 
and Schmidt’ asserted that carotid angiog- 


it 
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G. 8. (C) Normal right lateral angiogram. (D) Left lateral 


625 
raphy is the method of choice for the in- 
vestigation of sellar lesions. On the other 
hand, Lindgren?’ and Walker?’ reached the 
conclusion that pneumography gives a 
greater accuracy than any other single tech- 
nical method of examination in chiasmal 
syndromes. Udvarhelyi ef al.™® state that 
76 per cent of 25 patients with suprasellar 





angiogram shows opening of the siphon with 


elevation and straightening of supraclinoid carotid segment. (E) Normal right anteroposterior angiogram. 
Note superimposition of anterior and posterior segments of the carotid artery. (F) Left anteroposterior 
angiogram reveals lateral displacement of posterior segment of intracavernous portion of the left carotid 
artery (arrow). 
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Fic. g. Case vi. Chromophobe pituitary adenoma, mainly cystic, in 45 year old male acromegalic. (4) 
Lateral skull roentgenogram in 1956 showed enlarged sella turcica with erosion of the dorsum sellae, pos- 
terior clinoid processes and of the sellar floor extending to the ethmoid area. (B) Lateral pneumogram ın 
1956 showed a finger-like superoposterior extension wedged between the chiasmatic and interpeduncular 
cisterns with encroachment on the infundibular portion of the 3rd ventricle. 


masses had positive pneumoencephalo- 
grams. Only 34 per cent had positive angio- 
graphic findings. In 57 per cent of cranio- 
pharyngiomas, 90 per cent of pituitary 
adenomas and 71 per cent of suprasellar 
meningiomas, the pneumoencephalographic 
findings were positive. Poppen” had pre- 
viously expressed the opinion that the 
pneumoencephalogram gave a more ac- 
curate and definite localization of the tumor 
and, additionally, an approximate localiza- 
tion of the optic chiasm. 

Several authors?!" feel that pneumog- 
raphy and angiography have difterent 
potentialities and should, therefore, be used 
as complementary procedures. lager!’ em- 
ploys both methods in all intrasellar tumors 
before any form of treatment is instituted. 
Subsequent clinical or radiological evidence 
of extension of the adenomas following 
radiotherapy serves as indications for sur- 
gical intervention. Chase and Taveras,‘ in 
a comparative study of both methods, 
reached the conclusion that “pneumog- 
raphy is superior to angiography in that 
it gives an accurate indication of the size 
and shape of the tumor, as well as its re- 
lationship to the third ventricle, the fora- 
men of Monro, and the brainstem.” Al- 
though they admit that small tumors of 
the tuberculum sellae are difficult to detect 


on the angiogram and also that posterior 
suprasellar tumors without intrasellar com- 
ponents are particularly difficult to diag- 
nose angiographically, they feel that care- 
ful angiographic evaluation permits one to 
arrive at a surprisingly accurate apprecia- 
tion of the actual size of the tumor and its 
relationship to the sella turcica. Angiog- 
raphy, in addition, offers the obvious ad- 
vantage of demonstrating an aneurysm or 
a tumor stain, thus allowing an etiologic 
diagnosis. Similar views are held by El- 
Banhawy and El-Nadi,'!' who concluded 
that ‘“encephalography provides us with a 
cross-section of the tumor in the sagittal 
plane at the middle line, while angiography 
illustrates a cross-section in the coronal 
plane at the level of the anterior cerebral 
arteries.” They recommend pneumography 
as the primary procedure. However, 1f sur- 
gical intervention is planned, angiography 
is added. 

Bakay and Bean? express the opinion 
that arteriography may supplement but 
not supplant pneumography in cases of 
pituitary adenomas. In the diagnosis of 
suprasellar meningiomas, angiography 
proved to be more reliable, whereas air 
studies were the method of choice for 
large craniopharyngiomas. They mentioned 
as additional potential advantages of an- 
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siography, aside from those mentioned by of help in excluding a mass lesion in cases of 
other authors, its use in postoperative optochiasmatic arachnitis.” ` 

followup studies, since obliteration of the Since the cisterna chiasmatis, according 
suprasellar cisterns, especially the chias- to Davidoff and Dyke,’ is only visible in 
matic cistern, may follow transfrontal ex- 78 per cent of normal encephalograms, an- 
ploration of the sella turcica, it may also be giography may have to be used in sellar 





Fic. 9. (C and D) A comparison of the right and left anteroposterior angiogram in 1959 revealed a greater 
extent of the mass to the left, manifested by elevation of the left anterior cerebral artery (upper arrow), 
lateral bowing and thinning of the supraclinoid segment (lower arrow) and lateral displacement of the 
posterior intracavernous segment of the left carotid artery. (E and F) A comparison of the right and left 
lateral angiograms shows a slightly greater degree of opening of the left carotid siphon. 





Fic. 10. Case vir. Chromophobe, greatly cystic, 
pituitary adenoma in a 35 year old male. Left 
lateral angiogram demonstrates the marked up- 
ward and backward deflection of the basilar vein 
(arrow), intracerebral vein and venous angle 
(double arrow). 


tumor suspects if the cistern is not demon- 
strated or if there is no evidence of indenta- 
tion of the third ventricle. 

The present policy of our neurosurgical 
department in the preferred use of pneumog- 
raphy and/or angiography in cases of 
pituitary adenomas is not a fixed one. If 
there is evidence of a hypersecreting eosin- 
ophilic adenoma, and if the clinical or 
pneumographic findings do not indicate a 
marked suprasellar extension, arteriog- 
raphy is omitted. If there is suspicion of a 
very large chromophobe adenoma on the 
bases of roentgenologic or clinical findings, 
arteriography will be carried out first or 
ventriculography may occasionally be de- 
cided upon. However, in the majority of 
cases pneumography will precede angiog- 
raphy. Should fast-progressing symptoms 
indicate a possible pituitary hemorrhage 
or if an aneurysm simulating a chromo- 
phobe pituitary adenoma, particularly in 
the presence of a subarachnoid hemor- 
rhage, is suspected, angiography is the 
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method of first choice. In this connection it 
should be mentioned that a chromophobe 
pituitary adenoma or hemorrhage into a 
pituitary adenoma may cause subarach- 
noid hemorrhage and thereby simulate an 
aneurysm,“ 

Since 1951, 22 patients with suspected 
pituitary adenomas were admitted to the 
Neurosurgical Section for surgical interven- 
tion. Twenty-one patients showed signs of 
suprasellar extension, with spontaneous 
recovery in I case of hemorrhage into a 
presumably chromophobe adenoma.'* In 18 
cases, a chromophobe adenoma was histo- 
logically verified, although 3 patients 
showed signs of acromegaly. In 1 patient, 
an eosinophilic adenoma, in another a 
chordoma, and in a third a craniopharyn- 
gioma were the causes of the chiasmal 
syndrome. We employed pneumography 
routinely in all cases admitted for neuro- 
surgical intervention since 1952, although 
additional angiography was occasionally 
used. A policy of combining both methods 
in most cases of suprasellar extension was 
adopted in more recent years. In our ex- 
perience with pituitary adenomas and 
extrasellar extension of moderate to marked 
degree, both methods showed positive and 
complementary valuable findings. Since our 
material does not lend itself to a compara- 
tive statistical analysis, we merely selected 
8 representative cases to demonstrate the 
various pneumographic and angiographic 
manifestations (Fig. 3 through 10). 


SUMMARY 


1, The roentgenological and surgical 
treatment of pituitary adenomas and of 
lesions which may simulate them clini- 
cally as well as on plain skull roentgeno- 
grams such as craniopharyngiomas, menin- 
giomas, chordomas, carcinomas and aneu- 
rysms with extension into sellar and para- 
sellar space, requires an early and exact 
determination of the size of the lesion, the 
predominant direction of its extension and, 
if possible, of its etiology. 

2. In most instances, the roentgenograms 
and clinical findings do not give a definite 
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clue as to the etiology of a tumor occupying 
the sella turcica or any exact information as 
to the size and direction of its extrasellar 
extension, 

3. Cerebral pneumography and angiog- 
raphy are the only methods which permit 
an accurate estimate of intracranial tumor 
extension of pituitary adenomas, and 
should be performed in all pituitary tumor 
suspects before radiation therapy or surgi- 
cal intervention is contemplated. 


4. The neuroradiological diagnosis of 


expanding pituitary neoplasms requires 
not only familiarity with the normal and 
pathological topographical as well as roent- 
genological anatomy of the sella turcica 
anc. its adjacent structures, but also knowl- 
edge of the differential diagnostic char- 
acteristics of other lesions in the sellar area 
and also some awareness of the clinico- 
patnoiogical manifestations of pituitary 
tumor expansion. Although all these ele- 
ments could hardly be discussed completely 
or in detail, some aspects necessary for a 
fuller understanding of the various phe- 
nomena of extrasellar extension of pituitary 
adenomas and the problems of their dif- 
ferential diagnosis were considered. 

5. Based on available data of the litera- 
ture and our own experience, the elements 
of the pneumographic and angiographic 
diagnosis of pituitary adenomas are illus- 
trated and described, particularly in respect 
to the various pathways of suprasellar ex- 
tension. A discussion of the various, par- 
tially controversial opinions expressed in 
the literature concerning the relative values 
of either method is added. 

Erich G. Krueger, M.D. 
Department of Neurosurgery 
Veterans Administration Hospital 
130 West Kingsbridge Road 
Bronx, New York 10468 
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ARTERIOVENOUS SHUNTING IN CEREBROVASCULAR 
OCCLUSIVE DISEASE 


By ERNEST J. FERRIS, M.D., * JEROME H. SHAPIRO, M.D.,t and 
FREDERICK A. SIMEONE, M.D.t 


BOSTON, MASSACHUSETTS 


T presence of early venous filling of 
intracerebral vessels usually indicates 
primary or secondary neoplasm of the brain 
or arteriovenous malformation. Other less 
common causes are acute inflammatory dis- 
eases of the brain? and well encapsulated 
intracerebral abscess.* On rare occasion, a 
superficial draining cortical vein may fill 
relatively early in the absence of any 
pathologic process. When the order of filling 
is sequential, however, this is of no signifi- 
cance; that is, the frontal veins fill prior to 
the parietal veins.’ 

Recently, we have seen 4 cases of cere- 
brovascular occlusive disease with early 
venous filling. We are able to find few 
previous reports in the literature describing 
this phenomenon.”' Because of the implica- 
tions of recognizing this important finding, 
and differentiating it from other more com- 
mon causes of early venous filling, we feel 
that it is worthwhile to report our findings 
in several cases. 


REPORT OF CASES 


Case 1. Middle Cerebral Artery Occlusion. 
C.H., a 65 year old Negro male was admitted to 
the Boston City Hospital unable to move his 
right side. Twenty years ago, the patient was 
discharged from the Army, and placed on a 
pension for “dizzy spells.” One year ago, he had 
been struck by an automobile and rendered un- 
conscious. On awakening, right leg weakness 
was noted, but was minimal in degree. This did 
not progress or regress, and the patient was able 
to walk with no difficulty. Three weeks prior to 
admission, he suffered an episode of right sided 
hemiparesis which cleared slowly at home on no 
specinc therapy. 

On admission, he showed a right homonymous 
hemianopsia and right supranuclear facial 





Itc. 1. Case 1. Left middle cerebral artery occlusion. 
Left anteroposterior common carotid angiogram 
shows occlusion of the Mı segment of the middle 
cerebral artery (arrow). The anterior cerebral 
artery is in the midline. 


weakness. His eyes were deviated to the left. 
There was right sided hyperreflexia and a right 
extensor plantar response. 

Spinal fluid was clear with an opening pres- 
sure of 150 mm. of water. Hematologic and 
chemistry studies were normal. 

Lefi Carotid Angiography. Left common carot- 
id angiography was performed. The antero- 
posterior view (Fig. 1), arteriographic phase, 
showed complete occlusion of the middle cere- 
bral artery at its Mı segment. An abortive 
attempt at collateral circulation from the an- 
terior cerebral artery was seen. There was no 
definite shift of midline structures. The lateral 
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FIG. 2. Case 1. Left middle cerebral artery occlusion. 
Left lateral carotid angiogram. The arteriographic 
phase shows complete occlusion of the middle 
cerebral artery with hypertrophied  lenticulo- 
striate and anterior choroidal vessels ‘curved 
arrow}. The lower arrow points to the basal vein 
of Rosenthal; upper arrow denotes the internal 
cerebral vein. This illustrates simultaneous filling 
of both arteries and veins (1 second film). 


view, arteriographic phase, at 1 second (Fig. 2) 
showed no filling of the middle cerebral artery 
group of vessels. The lenticulostriate arteries 
were hypertrophied, as well as the anterior 
choroidal artery, with a resultant ‘“‘blush- 
like” pattern. The basal vein of Rosenthal and 
the internal cerebral vein were filled. 

A lateral angiogram taken at 4 seconds (Fig. 
3), showed retrograde filling from the basal 
vein of Rosenthal and internal cerebral vein to 





Fic. 3. Case 1. Left middle cerebral artery occlusion. 


Left lateral common carotid angiogram. The 
arteriographic phase at 2 seconds shows retrograde 
filling of the septal and striothalamic veins (upper 
arrow), as well as reversal of flow in the inferior 
longitudinal sinus (lower posterior arrow). 
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the septal and striothalamic veins as well as 
reverse filling of the inferior longitudinal sinus. 


Comment. The obvious presence of filling 
of the basal vein of Rosenthal and the in- 
ternal cerebral vein at 1 second, simultane- 
ously with the arteriographic phase was 
well demonstrated here. Serial angiograms 
turthermore showed retrograde venous flow 
in the internal cerebral vein to fill the septal 
and striothalamic veins. The reversal of 
How was also present in the inferior longi- 
tudinal sinus. The arterial “blush”? was 
clearly due to hypertrophied lenticulo. 
striate vessels as well as the anterior cho- 
roidal artery. 


Case 1. Incomplete Occlusion of the Peri- 
callosal Artery. B.G., a 64 year old white dia- 
betic hypertensive female, entered the Boston 
City Hospital, complaining of periods of 
memory loss. 

On physical examination, her orientation and 
recall were appropriate for her age. The cranial 
nerves were unremarkable. The left plantar re- 
flex was consistently flexor, the right variable. 
There was some right sided weakness. 

Laboratory examinations were unremarkable 
except for persistently elevated blood sugar. 
Lumbar puncture showed an opening pressure 
of 195 mm. of water, with a protein of 73 mg. 
per cent. 





‘ic. 4. Case 11. Incomplete occlusion of the left peri- 
callosal artery. Left lateral common carotid angio- 
gram. The arteriographic phase shows scalloping 
of the pericallosal artery. The callosal marginal 
branch (small arrow) 1s hypertrophied. There is a 
vascular “blush” (large arrow) in the parietal 
region with early venous filling. 
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Left Common Carotid Angiography. Lett 
common carotid angiography was performed. 
The lateral arteriographic phase (Fig. 4) 
showed marked narrowing and scalloping of the 
perica.losal artery. The callosal marginal 
branch was hypertrophied and showed a fine 
arterial blush of collateral vasculature some- 
what well defined. There was simultaneous fill- 
ing of draining frontoparietal veins with filling 
of the sagittal sinus. The middle cerebral artery 
also showed some irregularity of its lumen, con- 
sistent with atherosclerosis. A close-up study of 
the collateral vessels (Fig. 5), showed the drain- 
ing cortical veins and sagittal sinus filling. 

The anteroposterior angiogram demon- 
strated no shift of mid-line structures. 

The angiographic findings, while suggestive 
of only vascular occlusive disease, could not ex- 
clude an infiltrating glioma on the basis of early 
venous filling. 

A pneumoencephalogram failed to show any 
mass, but did show dilated sulci in the region of 
hypervascularity on angiography. 

Surgery and Hospital Course. At exploratory 
surgery, no tumor was found. Biopsies in the 
area in question showed only gliosis. The pa- 
tient s weakness improved somewhat, and she 
was discharged home with the diagnosis of cere- 
brovascular occlusive disease. 


Comment. This striking example of partial 
occlusion of the pericallosal artery with 
collateral circulation was confused with a 


\ 





liG. 5. Case 11. Incomplete occlusion of the left peri- 
callosal artery. Close-up view of ligure 4. Lower 
arrow points to an area of marked narrowing of 
the pericallosal artery. The vascular collateral 
“blush” is seen to good advantage here (large 
arrow). There is simultaneous fill of the draining 
parietal veins (curved arrows) into the sagittal 
sinus. 





lic. 6. Case mm. Right middle cerebral artery oc- 
clusion. Right anteroposterior common carotid 
angiogram showing complete occlusion of the M1 
segment of the middle cerebral artery (arrow). 


glioma on the basis of early venous filling, 
The vascular blush of the collateral chan- 
nels was composed of even calibered vessels. 
The venous drainage was at the periphery 
rather than within the confines of the net- 
work of anastomosing arteries. There was 
no evidence of a mass lesion as evidenced 
by the absence of displacement of mid_line 
structures on angiography and the support- 
ing air study, 


Case mr. Middle Cerebral Artery Occlusion. 
M.M., a 52 year old white female, entered the 
Boston City Hospital with the history of pro- 
gressive weakness of her left side of a few 
months’ duration. 

Six months prior to admission, she had sus- 
tained head injuries in an automobile accident, 
but was not hospitalized. 

On physical examination, she was noted to 
have a left sided hemiparesis, more marked in 
the arm with marked aphasia and a supra- 
nuclear facial palsy. Spinal puncture was nor- 
mal. 

Kight Common Carotid Angiography. The 
anteroposterior arteriographic phase (Fig. 6) 
showed complete occlusion of the M1 segment 





lic. 7. Case m1. Right middle cerebral artery occlu- 
sion. Right lateral common carotid angiogram. 
The injection is still in the arteriographic phase, 
yet the basal vein of Rosenthal (lower arrow) and 
the internal cerebral vein (upper arrow) are al- 
ready filled. There is a slight “blush” in the middle 
cerebral artery distribution secondary to hyper- 
trophied lenticulostriate vessels. 


of the middle cerebral artery. The anterior 
cerebral artery was not shifted. The lateral 
arteriographic phase (Fig. 7) at 4 seconds from 
the beginning of injection demonstrated early 
filling of the basal vein of Rosenthal and the 
internal cerebral vein. There was a slight 
“blush” of hypertrophied lenticulostriate and 
anterior choroidal A close-up view 
(Fig. 8) cemonstrated the early venous fill:ng to 
better advantage. 


vessels. 


Comment. This case of occlusion of the 
middle cerebral artery, as Case 1, vividly 





Fic. 8. Case 1. Right middle cerebral artery oc- 
clusion. Close-up view of Figure 7 illustrates the 
arly venous filling of the basal vein of Rosenthal 
and the internal cerebral vein 


e 
(lower arrow) 


upper arrow). 
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demonstrated the early venous filling of the 
basal vein of Rosenthal and the internal 
cerebral vein. Retrograde flow in the inter- 
nal cerebral vein and inferior longitudinal 
sinus could not be seen, however. 


Cass 1v. Middle Cerebral Artery Occlusion. 
R.B., a $4 year old Negro female, was admitted 
to the Boston City Hospital complaining of 
trontal headaches, lethargy, and forgetfulness, 
cf one year’s duration. 

On physical examination, it was noted that 
the patient was not fully oriented. There was a 
left supranuclear facial palsy. Deep tendon re- 
Hexes were slightly more active on the left. 
lumbar puncture showed a protein of go mg. 
Per Cent. 

Righi Carotid Angiography (Vig. 9). There 
was a large vascular tumor occupying most of 
the anterior temporal lobe. The circulation was 
quite slow, and no demonstrable early venous 
filling was seen. The vascular pattern was inter- 
preted as being consistent with a glioma. 

Surgery and Hospital Course. At surgery, a 
large deep mid-temporal vascular astrocytoma, 
Grade 2, was excised through an incision in the 
superior temporal gyrus. Several vessels were 
clipped during the procedure. 

Because of a downhill course postoperatively, 
a second carotid angiography was performed on 
the right side on the third postoperative day. 

Second Right Common Carotid Angiography 
(Fig. 10). The lateral angiogram showed occlu- 





Fic. 9. Case 1v. Right middle cerebral artery oc- 
clusion. Preoperative study. Right lateral common 
carotid angiogram. The venous phase shows a 
vascular tumor (arrows) arising in the temporal 
lobe. The circulation in the tumor was slow. 
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lic. 10. Case 1v. Right middle cerebral artery 


occlusion. Postoperative study. Right lateral 
common carotid angiogram. The arteriographic 
phase shows also simultaneous filling of the basal 
vein of Rosenthal (lower arrow) and the internal 
cerebral vein (upper arrow). 


sion of the middle cerebral artery (anteropos- 
terior angiogram verified that a clip was occlud- 
ing the Mı segment). The 1 second study in the 
arteriographic phase showed simultaneous vis- 
ualization of the basal vein of Rosenthal and 
the internal cerebral vein. There was very little 
evidence of collateral circulation. 


Comment. While the presence of neoplasm 
(presumably completely excised) compli- 
cates this case, it 1s noteworthy that the 
angiogram made preoperatively showed no 
early venous filling. One can assume, simi- 
lar to Cases 1 and 101, that the middle cere- 
bral artery occlusion was the etiologic agent 
of the arteriovenous shunting here rather 
than neoplastic involvement. 


DISCUSSION 


The presence of early venous filling on 
cerebral angiography in gliomas and arterio- 
venous malformations has been reported by 
Goree and Dukes.' They stress the orderly 
appearance of the arterial feeding supply in 
malformations as opposed to the tortuous 
arterial supply to a glioma. Furthermore, 
avascular spaces are not seen in malforma- 
tions. Metastatic disease to the brain 
may, on occasion, show a hypervascular 
pattern on angiograms and simulate 
clioma. Meningiomas have been said not to 
show early arteriovenous shunting. There 
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is a group of vascular meningiomas, how- 
ever, which may show early venous filing 
with a vascular pattern simulating gliom- 
atous vasculature.® 

Less well known causes of early venous 
filling are acute inflammatory cerebral pro- 
cesses,’ well encapsulated abscesses,’ and 
vascular occlusions." 

The mechanism in the 4 cases described 
above is not clear. It does appear, however, 
that the collateral arterial routes fill pref- 
erentially earlier than comparable vessels 
in the normal cerebral vasculature. The 
demand of blood in the ischemic segment 
of the brain appears to siphon off blood 
from the proximal unoccluded vessels at 
a proportionally faster rate. The venous 
drainage, then, although filling earlier 
than in other unaffected areas in the hemi- 
sphere, is supplied with blood (and thus 
with the injected opaque material) at an 
earlier time. The draining veins appear 
to be normal in contour. The early venous 
filling, it would appear, is a relative phe- 
nomenon, depending on the degree of pref- 
erential filling rate of the collateral arterial 
routes. 

Diterentiation of this early venous filling 
from ether shunting processes may be 
difficult. The presence of occlusive disease, 
either complete or partial, should arouse 
one’s suspicion as to the etiology. There 
may or may not be an arterial blush repre- 
senting collateral circulation. The feeding 
vesse] may be large. The presence of a 
marked blush of collateral routes may cause 
considerable diagnostic difficulty with neo- 
plasms, as pointed out by Leeds and 
Abbott.’ The caliber of these vessels is 
small, multiple, and orderly. The number of 
draining venous channels in our cases of 
occlusive disease was smaller than the 
number of arterial collateral routes. Fur- 
thermere, the venous channels tended to be 
localized outside of the confines of the 
hypervascular arterial collateral routes. 
The arterial-venous connections could not 
actually be seen. In 2 of the 3 cases of 
middle cerebral artery occlusion, the venous 
drainage was so rapid that there was de- 
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monstrable retrograde venous filling in- 
stead of the normal antegrade flow. All 
3 showed no mass effect. 

The following points, then, would seem 
to categorize the early venous filling in cere- 
bral occlusive disease: 

1. Angiographic evidence of occlusive 
disease, either partial or complete. 

2. The arterial blush of the collateral 
circulation, if present, is small, multiple, 
and orderly. 

3. The number of venous channels is 
smaller than the number of arterial 
channels. The venous drainage tends to be 
outside of the hypervascularized arterial 
collateral routes. 

4. There may be retrograde venous fll- 
ing. 

5. Lack -of a localized mass, although 
brain edema may cause a mid-line shift. 

While the lack of experience with early 
venous filling in occlusive disease of the 
cerebral hemisphere makes it difficult to 
establish absolute criteria .of differential 
diagnosis, we do believe that the above 5 
points are of considerable value in distin- 
guishing early venous filling.in cerebro- 
vascular occlusive disease from other causes 
of venous shunting in the brain. The addi- 
tion of a gas study in situations such as 
Case 11 will, of course, be of value in confirm- 
ing the absence of a mass lesion. 


SUMMARY 


Four cases of early venous filling in cere- 
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brovascular occlusive disease are reported. 

Some criteria for differential diagnosis 
from neoplasm and arteriovenous malfor- 
mations are presented. 


Ernest J. Ferris, M.D. 

Boston University School of Medicine 
Boston City Hospital 

Boston, Massachusetts 02124 
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CRANIAL COLLATERAL PATHWAYS IN 
STROKE SYNDROME 
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RAIMONDI, M.D.,§ and ALFRED J. LESCHER, M.D.) 
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YEREBRAL angiography has been ex- 

+ tensively used in the study of stroke 
syndrome, particularly since the emergence 
of corrective vascular surgery. This pre- 
sentation is limited to the cranial collateral 
pathways, as the numerous collateral path- 
ways of brachiocephalic occlusive disease 
have been well discussed in recent publica- 
tions. &1911,1618 The illustrative cases cited 
below have been selected from two large 
charity institutions and one large private 


teaching hospital, with a combined total of 


more than $00 angiographies per vear on 
patients with a history of stroke or transient 
ischemic attack. 

The cranial collateral pathways_ in- 
clude?! '6 (1) the circle of Willis: (2) end 
artery anastomoses over the surface of the 
brain from the anterior, middle and pos- 
terior cerebral arteries; and (3) the external 
to internal carotid artery with combina- 
trons frequently observed. Bilateral occlu- 
sive or stenotic disease is common. Serial 
filming over a period of at least 6 seconds 
has been routine in each of these institu- 
tons, as the pathways are frequently not 
cemonstrable on the earliest films, nor 
would they be apparent on single film tech- 
nique. In the event of a stroke, the collateral 
pathways are immediately available, al- 
though flow through them will increase 
with demand (Case vin, Fig. 8, Z and B). 

The occurrence of collateral blood flow in 
the brain is dependent on the head of pres- 
sure in the vessels which supply an area. If 
the pressure is lowered by local occlusion or 
narrowing, then reversal of blood flow will 
occur. 





lic. 1. Case 1. Right common carotid angiogram 
shows filling of the left anterior and middle cere- 
bral arteries via the anterior communicating ar- 
tery. The left internal carotid artery was occluded 
at its origin in the neck, 


The causes of this are listed as follows :!5 
A. Narrowing of lumen 
t. Atherosclerosis (plaque or throm- 
bus) 
2. Embolus 
3 Congenital atresia or stenosis 
4. Surgical ligation 
£. Compression of 
murally 
(a) mass in neck or mediastinum 
(b) arthritic spur 
(c) digital compression 


artery extra- 


* Department of Diagnostic Radiology, Cook County Hospital, Chicago, I] nois. 

t Department of Radiology, Presbyterian-St. Luke’s Hospital, Chicago, I|knwis. 

t Department of Neurosurgery, Marquette University School of Medicine, Milwaukee, Wisconsin, 
§ Department of Neurosurgery, Cook County Hospital, Chicago, Illinois. 

|| Department of Radiology, Cook County Hospital, Chicago, Illinois. 
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lic. 2. Case 11. Retrograde right brachial angiogram 
shows occlusion of the carotid artery on the right 
and the vertebral artery fills the basilar system. 
The anterior and middle cerebral arteries are filled 
from the basilar system via a large posterior com- 
municating artery. 





Fic. 3. Case 11. Retrograde right brachial angiogram 
shows a hypoplastic right vertebral artery and 
collateral fow via the posterior communicating 
artery to fill both posterior cerebral arteries and 
retrograde fill of the basilar and both superior 


cerebellar There atherosclerotic 
occlusion of the basilar artery immediately below 
the superior cerebellar arteries. 


arteries. was 
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B. Dilatation of vessel lumen 

1. Arteriosclerosis 
. Localized vasodilator effects 
‘ascular shunts 
. Carotid—cavernous fistula 
2. Arteriovenous malformation 


C3 
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RK THE. CIKOLE OF WILLIS 


Thomas Willis!® described the circle of 
Willis in 1684, and demonstrated its impor- 
tance in the collateral circulation of the 
brain. Riggs and Grifhths!! reported on the 
anatomic dissection of 1,647 brains in 1938 
and subdivided their findings into 8 groups 
of variations of the circle of Willis. Alpers 
et al. ' reported a study of 350 normal brains 
in which the circle of Willis was normal in 
only 52.3 per cent of the cases. The most 
frequent anomaly was a filiform caliber of 
one of the component vessels in 27.4 per 
cent of the circles. This was most often 
present in one or both posterior communi- 
cating arteries. The embryonic origin of 
the posterior cerebral artery from the in- 
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Fic. 4. Case 1v. Left carotid angiogram shows oc- 
clusion of the internal carotid artery at its origin. 
Collateral fow via the ophthalmic from the inter- 
nal maxillary artery fills the siphon and both the 
anterior and middle cerebral arteries. The right 
internal carotid artery was also occluded—a likely 
explanation of why the ophthalmic artery was the 
principal collateral and not overshadowed by the 
anterior communicating artery collateral. 





lic. §. Case v. (4) Right common carotid 
angiogram shows complete occlusion of the 
internal carotid artery at its origin. There is 
collateral filling of the anterior cerebral ar- 
tery via the middle meningeal artery. This 
is a far less commonly encountered collateral 
pathway from the external to the internal 
carotid artery. It may well exist as a common 
collateral path but may be overshadowed 
and obscured by ophthalmic artery col- 
lateral, which was not present in this case. 
(B and C) Delayed serial angiograms show 
extensive filling of the anterior cerebral 
artery. 


ternal carotid persisted in 14.6 per cent of 


the cases (Case 1, Fig. 1; Case 11, Fig. 2: and 


(a 


Case 111, Fig. 3). 


JI. EXTERNAL TO INTERNAL CAROTID 
ARTERY ANASTOMOSES? $10.11 


This collateral flow is most commonly ob- 
served via retrograde flow through the 
ophthalmic branch of the internal carotid 
artery.2-® 1913) The principal collateral 
branches of the external carotid artery in- 
clude the internal maxillary, external maxil- 
lary, and the superficial temporal arteries 
in order of decreasing contribution. The 





ophthalmic artery does increase in size in 
response to the additional flow! (Case rv, 
Fig. 4; and Case v, Fig. 5, 4, B and C). 


IHI. ANASTOMOSES OVER THE SURFACE 
OF THE BRAIN*?+12.17,18 


These anastomoses over the surface of 
the brain, so-called meningeal or pial anas- 
tomoses between and among the major 
cerebral arteries, are frequently observed 
emploving long serial technique. 

1. Anterior to middle cerebral artery col- 
lateral flow via pial anastomoses. These path- 
ways are usually noted extending from the 
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Itc. 6. Case vi. (4 and B) Left common czrotid angiograms show complete occlusion of the middle cerebral 
artery immediately distal to its origin. (C) Later anteroposterior serial angiogram shows filling of the 
middle cerebral artery from the anterior cerebral artery via pial anastomoses. (D) Still later lateral serial 
angiogram shows extensive retrograde collateral filling of the middle cerebral artery back to its point of 
occlusion. 


callosomarginal to the ascending fronto- 
parietal and the sylvian group of vessels. 
This 1s a common pathway in occlusive 
disease, either segmental or involving the 
major portion of the vessel proximal to 


the trifurcation (Case vi, Fig. 6, 4—D; and 
Case viL Fig. 7, 7 and B): 

2. Middle to anterior cerebral artery via 
pial anastomoses. The vessels contributing 
to this are the ascending frontoparietal and 
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Fic. 7. Case vir. (4) Another patient examined by right common carotid angiography shows absence of ves- 
sels in the ascending frontoparietal and posterior parietal regions. (B) This segmental occlusion® of the 
ascending frontal branch of the middle cerebral artery is demonstrated by delayed retrograde collateral 
filling from the anterior cerebral artery via pial anastomoses. The basal vein of Rosenthal appears at the 
normal time in the study while retrograde arterial collateral fow is still evident. 


anterior branches of the sylvian group on only rare occasions, and a more common 
which will ascend around the convexity of pathway would be across the midline via 
the brain and course supero-medially to the the anterior communicating artery (Case 
occluded portion of the anterior cerebral vrn, Fig. 8, Z and B; and Case 1x, Fig. 9, 4 
vessel. This is uncommon, as we have en- and A). 

countered occlusion of the anterior cerebral 3. Posterior to anterior cerebral artery 





Fic. 8. Case vin. This 68 year old white female with a negative previous history suffered a “‘stroke’”’ while 
visiting in the hospital. Physical examination showed complete coma, areflexia and atrial fibrillation. 
Embolus was postulated. Left carotid angiography only 45 mmutes after onset of stroke showed complete 
occlusion of the left internal carotid artery in the siphon (not shown). (4) Right carotid angiogram shows 
anterior cerebral occlusion. (B) Delaved angiogram shows retrograde collateral filling of the anterior from 
the middle cerebral artery via pial anastomoses. There was no opportunity for flow across the anterior 
communicating artery as the opposite left carotid artery wes occluded in the siphon. The unusual oppor- 
tunity for examination less than 1 hour following stroke demonstrates the immediate availability of the 
collateral channels. . 
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Fic. g. Case 1x. Right anterior cerebral artery clipped at surgery distal to anterior communicating artery. 
(4) Right common carotid angiogram shows filling of the right posterior and middle cerebral arteries and 
left anterior cerebral artery via the antericr communicating artery. (B) Delayed angiogram shows retro- 
grade filling of the right anterior cerebral artery from the rigt middle cerebral artery via pial anastomoses, 
with retrograde filling to the point of surgical occlusion. 


collateral flow via pial anastomoses. Anas- 
tomosis exists between anterior occipital 
artery and occipital branch of posterior 
cerebral artery (Case x, Fig. 10). 

4. Posterior to middle cerebral artery 
collateral flow via pial anastomoses. An anas- 





tomotic pathway exists via temporal 
branches of the middle cerebral artery and 
posterior cerebral artery (Case x1, Fig. 11, 
A, Band G) 

5. Anterior and middle cerebral arteries to 
postertor cerebral artery via pial anas- 
tomoses. The same pathway as above (4) 
reverses its flow in occlusive disease of the 
posterior cerebral vessels (Case x11, Fig. 12, 


A, B and C). 


IV. COMBINED COLLATERAL PATHWAYS 


Combined pathways are far more com- 
mon than isolated collateral pathways, and 








kon 


iG. 10. Case x. Unintentional left vertebral injec- 
tion (left internal carotid occlusion and right in- 
ternal carotid stenosis later demonstrated) shows 
excellent filling of the basilar and posterior cere- 
bral arteries and retrograde filling of the anterior 
cerebral artery. 
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Frc. 11. Case xt. (£) Right common carotid 
angiogram shows occlusion of the middle 
cerebral artery and filling of the anterior 
and posterior cerebral arteries. (B) Delayed 
angiogram shows early retrograde filling 
high over the convexity from the anterior 
cerebral artery. Collateral flow enters in a 
low and posterior position to fill the poste- 
ricr temporal branch of the middle cerebral 
artery from the posterior cerebral artery 
via pial anastomoses. (C) Still later angio- 
gram demonstrating 
filling. 


additional retrograde 


demonstration of the different collateral 
pathways is, of course, dependent upon the 
type of examination employed, direct 
carotid injection, direct vertebral injection, 
retrograde brachial injection, or aortic root 
catheter injections. Many, if not most, 
cases of unilateral internal carotid occlu- 
sion will have ipsilateral collateral flow via 
the ophthalmic artery and simultaneous 
contralateral collateral flow via the anterior 
communicating artery. These are more 
commonly observed than the posterior 





communicating artery collateral flow for 
the following reasons: (a) more carotid in- 
jections are done than vertebral-basilar 
opacifications; (b) the known variability of 
the size and origin of the vertebral arteries; 
and (c) known high incidence of variability 
of the posterior communicating arteries 


(Case xmi, Fig. 13, 4, B and C). 


SUMMARY 


I. Cranial collateral circulation is con- 
sistently demonstrable by serial filming. 
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Fic. 12. Case xu. (4) Right common carotid 
angiogram shows occlusion of the posterior 
cerebral artery alongside the brainstem. 
(B) Peripheral occlusion of posterior cere- 
bral artery. (C) Delayed angiogram demon- 
strating retrograde filling of posterior cere- 
bral artery via pial anastomoses. 
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lic. 13. Case xui. (4) Arch angiogram using 
pressure injection catheter technique. There is 
an atherosclerotic right subclavian artery with 
a good sized lumen. The right vertebral origin 
is narrow. The right common carotid artery 
origin off the innominate artery is normal but 
there is complete block of the right internal 
carotid artery in the neck. No filling of the 
left common carotid artery is seen, due to occlu- 
sion at its origin off the aorta. There is aberrant 
origin of the left vertebral artery off the aorta 
proximal to the left subclavian artery. (B) 
Retrograde left brachial injection late serial 
angiogram shows collateral fow via posterior 
communicating artery filling both anterior cere- 
bral arteries and both middle cerebral arteries 
(top arrows). Note the retrograde filling of 
the left internal carotid artery (lower arrow) 
down toits origin at the common carotid bifurca- 


ri 


tion and subsequent antegrade filling of the external carotid artery. (C) Lateral view of same ( 
ternal carotid artery). Note that there are also pial anastomoses with retrograde filling of the anterior 
cerebral artery from the posterior cerebral artery. This patient had a still later injection of his right com- 
mon carotid artery (with known complete obstruction of the internal carotid artery) and the collate al fow 
occurred via the middle meningeal to the anterior cerebral artery as shown in Figure 5, 4 and B, 


arrow on in- 
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2. There are 3 principal cranial collateral 
pathways. 


I. Circle of Willis. 

II. External to internal carotid anas- 

tomoses via: 

(a) Ophthalmic artery reversed flow 
(commonly observed) 

(b) Middle meningeal branch of ex- 
ternal carotid to the meningeal 
branches of the cerebral arteries 
(uncommonly demonstrated). 

Over the surface of the brain, so- 

called meningeal or pial anas- 

tomoses between and among the 3 

major cerebral arteries. 


III. 


3. These collateral pathways exist await- 
ing demand, and enlarge as demand for flow 
rate and volume increases. 

4. It is our impression that prognosis is 
related to the richness of demonstrable 
pathways. 


Leon Love, M.D. 

Department of Diagnostic Radiology 
Cook County Hospital 

Chicago, Illinois 60612 
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ANEURYSM AS A CAUSE OF STROKE* 


By WILLIAM HANAFEE, M.D.,t and PETER J. JANNETTA, M.D.{ 


LOS ANGELES, CALIFORNIA 


HEN an intracranial aneurysm rup- 

cures, there is usually intense spasm 
of the adjacent arteries. This local spasm 
tends to serve as a protective mechanism 
to reduce intracranial bleeding. At times, 
the spasm may be so intense as to cause 
nonflling of one of the intracranial 
branches of the circle of Willis on angiog- 
raphy. If the occlusion is gradual enough, 
collateral circulation may develop to com- 
pensate for the reduced intracranial blood 
flow. The purpose of the authors is to show 
that: (1) arterial spasm secondary to a 
bleeding aneurysm may cause angiographic 
occlusion of an artery; (2) collateral blood 
flow may develop which will significantly 
influence the postoperative course of the 
patient; and (3) the radiologist must take 
special care to demonstrate the collateral 
pathways and alert the neurosurgeon to 
collateral vessels. 


HISTORY 


The spasm that accompanies ruptured 
mtracranial aneurvsms has been shown to 
be most intense in the first 2 to 3 days fol- 
lowing the bleeding.’ The spasm may re- 
main for variable periods of time but usu- 
ally tends to subside after 3 to 4 weeks." 
The grave prognostic significance of pro- 
longed spasm has been pointed out by 
many investigators. 11 The influence of 
injected contrast material has been incrim- 
inated as an etiologic factor in spasm, How- 
ever, the overwhelming weight of evidence 
shows that spasm is intimately associated 
with bleeding and traction or trauma to 
the arterial wall. Gradual relaxation of 
spasm can be demonstrated by serial angi- 
ography.® Logue, in 1956, stated that the 
severe spasm may predispose to cerebral 
infarction and may make surgery for intra- 


cranial aneurysms very dangerous. The 
postoperative morbidity of patients with 
spasm is increased. Two patients who 
died in the postoperative period were re- 
ported by Fletcher ez al as showing en- 
cephalemalacia in the area of distribution 
of the vessels in spasm without any evidence 
of sign ficant residual hematoma, throm- 
bosis, or intracerebral rupture. Pool ais 
have stated that the severe vasoconstric- 
tion may cause hemiplegia and serious ce- 
rebra! edema that may prove fatal. They 
further stated that this spasm is reversible 
and may disappear on subsequent angio- 
graphic studies. The spasm may be so 
severe as to prevent an aneurysm from 
filing but no instances of vascular occlusion 
secondary to the spasm were recorded. 
Freidenfelt and Sundstrom? reported 5 
cases cf severe spasm. Rupture of intra- 
cranial aneurysms had occurred in 3 pa- 
tients and they showed no evidence of oc- 
clusion. Two of the cases that were associ- 
ated with head trauma showed vascular 
occlusion with collateral circulation flow 
patterns. 

From the neurosurgical service of UCLA 
Center for the Health Sciences and Wads- 
worth V.A. Hospital, 3 patients were found 
with aneurysms arising from the first por- 
tion o” the posterior cerebral artery. All 
were investigated by selective carotid 
angiography followed by surgery. 


REPORT OF CASES 


Case 1, A 23 year old left-handed male was 
admitted on January 25, 1966, with the chief 
complant of severe headaches. In late Decem- 
ber 1965, he developed intermittent headaches 
of sudcen onset, beginning in the suboccipital 
region and becoming generalized, occurring al- 
most daily, lasting 2 to 3 minutes, and stopping 
sudden y. 


* Prom the University of California, Center for the Health Sciences, Los Angeles, California. 
+ Professor, Department of Radiology, UCLA Center for the Health Sciences, Los Angeles, California. 
t Resident, Division of Neurosurgery, Department of Surgery, UCLA Cente: for the Health Sciences, Los Angeles, California. 
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Fic. 1. Case 1. Second order subtraction film from a 
vertebral angiogram with the patient obliqued to 
prevent superimposition of the two posterior 
cerebral arteries. (4) A small amount of contrast 
material has entered the aneurysm (—>). The 
medial posterior choroidal artery is filled (++) and 
there is beginning retrograde filling of the ateral 
posterior choroidal artery (+). (B) Study made 
1.0 second later in the series. The aneurysm is 
better nlled (—). Contrast material now outlines 
the distal portion of the posterior cerebral artery 


(#). 


On December 31, 1965, he had sudden onset 
of excruciating headache with concomitant 
left-sided weakness and hemiparesis starting in 
his face and progressing to involve the left half 
of the body. The numbness and weakness lasted 
about 20 minutes, the headache for several 
hours. 
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The patient had a second similar episode on 
January 14, 1966, and a third episode in the 
evening of January 23, 1966. With the latter 
episode, he noted a transient left homonymous 
hemianopsia. 

Lumbar puncture at another hospital showed 
grossly bloody xanthochromic spinal fluid and 
an elevated spinal fluid pressure. He was trans- 
ferred to Wadsworth V.A. Hospital where 
physical examination showed a drowsy 23 year 
old Negro male, lying quietly in bed. Rectal 
temperature was 100.4°F., blood pressure 
130/70 and the pulse rate 80. Memory was 
clouded and often inconsistent but he was 
oriented in all spheres and calculated well with 
prodding. His speech was normal. 

Cranial nerve examination showed no sig- 
nificant abnormalities and the motor examina- 
tion was normal except for slowing in the 
performance of rapid alternating movements. 
Sensory testing was normal. Reflexes were 
hypoactive but symmetric. The plantar re- 
sponses were flexor. 

Bilateral carotid angiography and vertebral 
angiography were performed on January 27, 
1966, showing an aneurysm arising from the 
right posterior cerebral artery (Fig. 1, 4 and 
B). An intracarotid injection of 10 cc. sodium 
amytal showed that the patient had left-sided 
cerebral dominance. 

During hospitalization, his sensorium gradu- 
ally improved and his nuchal rigidity dimin- 
ished. On February 3, 1966, a right temporal 
craniotomy was performed under general anes- 
thesia. The aneurysm was about g mm. in 
diameter and surrounded by old blood and 
yellowed cortex. The posterior cerebral artery 
was successfully clipped, both proximally and 
distally to the aneurysm. The collateral vessels 
visible on the angiogram were identified and 
preserved. The patient had an uneventful 
postoperative course, his sensorium continued 
to clear and he has remained totally intact 
neurologically. 

Presumably, this patient had experienced 
multiple episodes of small intracranial bleeding 
which caused prolonged spasm of the right in- 
ternal carotid artery. The aneurysm was situ- 
ated on the posterior cerebral artery between 
the origin of the medial posterior choroidal 
artery and the lateral posterior choroidal artery. 
The relative anoxemia of the brain allowed dila- 
tation of collateral vessels such that even with 
intense spasm, sufficient to cause total occlusion 
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of the posterior cerebral artery at the level of 
the aneurysm, the distal posterior cerebral 
artery remained patent. Postoperative angiog- 
raphy confirmed the patency of the collateral 
vessels and the distal posterior cerebral artery. 


Case I. A 20 year old, right-handed white 
male was well until § days prior to his admission 
when he developed sudden, severe left temporal 
headache, radiating behind the left eye, fol- 
lowed by nausea and vomiting. The tempera- 
ture was 37.6°C. and because of a current influ- 
enza epidemic, the patient was initially thought 
to be suffering from this disease. He improved 
on symptomatic care until early on the day of 
admission when he had a second episode of 
severe headache, again sudden in onset, but 
this time bifrontal. This was accompanied by 
neck stiffness, a pulse rate of 68 and a blood 


Fic. 2. Case 11. (4 and B) Preoperative angio- 
grams with a right internal carotid injection. 
The giant aneurysm arising from the poste- 
rior cerebral artery is well demonstrated 
(—). Note that the posterior cerebral artery 
distal to the aneurysm is very slow to fill 
and the medium in this vessel is sufficiently 
diluted by the nonopacified blood in the 
aneurysm that it is difficult to visualize even 
on subtraction films. The anterior choroidal 
artery is considerably larger than normal 
(4+), although direct collateral flow patterns 
into the posterior cerebral artery cannot be 
visualized. (C) Collateral filling of the parie- 
tal and occipital branches of the posterior 
cerebral artery via collateral circulation 
from leptomeningeal anastomotic channels. 
The aneurysm has been trapped by clipping 
the posterior cerebral artery, both proxi- 
mally and distally to the aneurysm (+). 


pressure of 102/62. Lumbar puncture was per- 
formed at this time and revealed grossly bloody 
spinal fluid. The general medical history was 
totally unremarkable. 

On physical examination, the patient ap- 
peared to be in moderately severe discomfort 
due to headache and photophobia. His neck 
was rigid. He appeared alert and fully oriented 
and there was no evidence of any intellectual 
deficit. His cranial nerve examination disclosed 
a mild anisocoria as the only positive finding, 
the left pupil being minimally larger than the 
right. Both pupils reacted well to light. There 
was no ptosis. Motor examination showed nor- 
mal strength, tone and coordination of the ex- 
tremities. The reflexes were symmetric and no 
pathologic reflexes were elicited. 

Preoperative angiograms (Fig. 2, 4 and B) 
were obtained, showing a large aneurysm aris- 


ing from the proximal left posterior cerebral 
artery. Approximately 3 hours after an un- 
eventful arteriographic study, the patient had 
a severe exacerbation of headache, associated 
with pallor and bradycardia with a pulse rate of 
36. However, he was able to speak and had use 
of all of his extremities. His sensorium was 
somewhat dull compared to his state immedi- 
ately prior to this last episode. The patient was 
immediately taken to the operating room and a 
left temporal craniotomy was performed. The 
hemisphere was extremely edematous and the 
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ic, 3. Case 11. (4) Note the large size cf the aneu- 
rysm which is only partially filled (—). The proxi- 
mal posterior cerebral artery (++) is slender and 
displaced superiorly by the nonopacified portion of 
the artery. The posterior cerebral artery distal to 
the aneurysm (#) is of normal caliber and well 
filled. (B) Study shows the very slow emptying of 
the posterior cerebral artery (+>) while the con- 
trast material has entered into the capillary phase 
in other regions. The aneurysm (—) is filled to a 
greater extent. 
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edema did not appear to respond well to osmotic 
diuretics. After elevating the temporal lobe, the 
aneurysm and its feeding artery were visualized. 
Two silver clips were placed across the branch 
of the posterior cerebral artery which entered 
the aneurysm. The aneurysm was then seen to 
collapse. At the time of closure, there was 
severe edema so that the bone flap was left out 
and the dura could not be reapproximated. 

Postoperatively, the patient was quite som- 
nolent, totally aphasic and had a right hemi- 
plegia. Purposetul movements of the left ex- 
tremities became apparent in the early post- 
operative period. His condition improved 
slowly to the point that he was able to assist 
actively in feeding himself, using his left ex- 
tremity. 

The angiogram showed a giant type of aneu- 
rysm which filled the posterior cerebral arteries 
very slowly distally to the aneurysm. Some col- 
lateral circulation may well have been taking 
place as evident by the large size of the anterior 
choroidal artery on the preop2rative angiogram. 
On the postoperative study (Fig. 2C) he demon- 
strated retrograde filling of the occipital 
branches of the posterior cerebral artery via 
leptomeningeal collateral circulation. 


Case ur. On January 8, 1965, a 20 year old 
Negro man was admitted complaining of severe 
posterior parieto-occipital headaches, worse on 
the right than on the left. For 3 months prior to 
admission, he began to have headaches each 
morning upon arising, which would gradually 
wear off during the course of the day. Three 
weeks prior to admission, he noticed drooping 
of his right eyelid and diplovia which became 
progressively worse. On admission, the right 
eye was completely shut. He has had two epi- 
sodes of unsteady gait which were transient. 
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strated very slight weakness of the left arm and 
reflexes tended to be more brisk on the left, 
although the plantar responses were flexor bi- 
laterallv. On January 14, 196$, bilateral in- 
ternal carotid angiography and vertebral an- 
giography were performed (Fig. Jf and B). 

On January 21, 1965, a right temporoparietal 
cramotomy with partial right temporal lobec- 
tomy was performed. An aneurvsm was en- 
countered, measuring approximately 2X4 cm. 
in diameter, indenting and adherent to the 
brain stem. An effort was made to reduce the 
size of the aneurysm. Considerable bleeding 
occurred as the thrombus was being removed 
from the aneurvsm. This bleeding was eventu- 
ally controlled by packing with Surgicel. The 
patient remained somnolent following surgery 
and a shunting procedure was performed to 
relieve his hydrocephalus. This required re- 
vision at a third operation on February 8, 196s. 
On February 11, 196s, he experienced a general- 
ized seizure and became unresponsive. He ex- 
pired on March 3, 196s. Autopsy showed mas- 
sive subarachnoid bleeding at the site of the 
aneurysm. 

This patient showed no evidence of collateral 
circulation on the preoperative angiogram. The 
posterior cerebral artery distal to the aneurysm 
filled promptly with contrast material of good 
density. The aneurysm was quite large, filled 
well and was verv slow to empty. Had adequate 
collateral circulation been demonstrated an. 
giographically, a “trapping procedure” may 
have been more attractive to control the bleed- 
ing at the first operation, 


DISCUSSION 


In any given group of patients showing 
evicence of cerebral infarction, a small per- 
centage are found in whom the physical 
findings and spinal fluid examinations sug- 
gest a ruptured intracranial aneurysm, 
Angiography may demonstrate only an 
occluded vessel and an aneurysm is not 
visualized. Similarly, some patients with 
symptoms of cerebral infarction show, at 
angiography, an aneurvsm with surround. 
ing vascular spasm. The spasm may be 
exceedingly severe; however, some contrast 
material almost always flows through the 
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vessels. Rarely is it possible to demon- 
Strate an aneurysm filling while the vessel 
distal to the aneurysm is totally occluded. 
Case 1 clearly showed angiographic occlu- 
sion of the posterior cerebral artery for a 
distance of at least 5 mm. distal to the 
aneurysm. Segmental spasm must have 
developed sufficiently slowly to allow col- 
lateral circulation to develop between the 
medial posterior choroidal artery and 
the lateral posterior choroidal artery so that 
cerebral infarction did not take place in the 
distribution of the posterior cerebral artery. 

The 3 patients are reported to show 
strikingly different postoperative courses, 
We do not mean to imply that collateral 
How patterns are the most Important factor 
in prognosticating the postoperative course, 
Size and location of the aneurysm, extrace- 
rebral as well as intracerebral bleeding, 
vascular spasm and cerebral edema are 
but a few of the factors deciding the even- 
tual tate of the patient. However, the radi- 
ologist plays a vital role jn demonstrating 
the fine vascular detail. By alerting the 
neurosurgeon to leptomeningeal collateral 
flow patterns, care may be taken at surgery 
to preserve these vessels. 

Roentgenograms taken at the rate of 3 
or 4 per second over a period of 5 seconds 
are generally required to demonstrate the 
retrograde flow of contrast material in an 
artery. By placing a catheter either in the 
internal carotid artery or in the vertebral 
artery, much better filling of the intra. 
cranial vessels can be obtained. The im. 
proved filling without an overlap of ex- 
ternal carotid circulation is exceedingly 
helpful in detecting differences in circula. 
tion time. 


SUMMARY 


Aneurysms may produce sufficient spasm 
to cause angiographic nonfilling of an intra- 
cranial artery. We believe this nonfilling to 
be cue to thrombosis but the actual cause 
of tie nonfilling is difficult to prove with- 
out histologic examination. If the spasm 
proceeds slowly enough, collateral flow 
to the ischemic area may develop from the 
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leptomeningeal vessel to a sufficient cegree 
to prevent cerebral infarction. 

The neuroradiologist plays a vital role 
in demonstrating these fine collateral flow 
patterns and alerting the neurosurgeon to 
their presence. 


William Hanafee, M.D. 
Department of Radiology 
University of California 
Center for the Health Sciences 
Los Angeles, California 90024 
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HEART FAILURE IN INFANCY DUE TO 
ARTERIOVENOUS MALFORMATION 
OF THE VEIN OF GALEN* 


REPORT OF A CASE 


By J. STAUFFER LEHMAN, Jr., M.D., KUO-YORK CHYNN, M.D., JACK W: C., 
HAGSTROM, M.D., and ISRAEL STEINBERG, M.D.f 


NEW YORK, NEW YORK 


N ANEURYSM of the vein of Galen 
consists of an arteriovenous malforma- 
tion involving the carotid and/or the ver- 
tebrobasilar circulation in direct commu- 
nication with the great cerebral vein. An 
arterial branch may enter the vein directly, 
or there may be a complex racemose net- 
work of noncapillary vessels interposed 
between the artery and vein. Nearly $0 
cases of this congenital malformation have 
been reported. A recent review summarizes 
many of these. The age range at which the 
aneurysm first becomes symptomatic 1s 
from birth to adulthood, and the earliest 
clinical manifestations include focal pres- 
sure signs, obstructive hydrocephalus, evi- 
dence of intracranial bleeding, and a high 
output type of heart failure. 

Because the first sign of this vascular 
anomaly may be cyanosis and congestive 
heart failure in newborns and infants and 
because such a syndrome has seldom been 
recognized prior to death, a case is pre- 
sented in which the diagnosis was made 
ante mortem. Surgical correction was at- 
tempted but failed. The surgical and post- 
mortem findings corroborated the angio- 
graphic findings. 


REPORT OF A CASE 


A ¿4 month old white male infant was ad- 
mitted to The New York Hospital on October 
19, 1963, because of uncontrolled congestive 
heart failure and an enlarged head. He was 
born, after a normal pregnancy, to a healthy 
mother of 3 children. Delivery was normal and 
the child did well until 25 months of age when 
an elective inguinal herniorrhaphy was per- 





lrontal esophagram showing massive en- 


FIG. J. 
largement of the heart and congestion of the 
lungs. 


formed without complication. At 3 months, he 
had a generalized seizure with cyanosis and was 
admitted to another hospital where a heart 
murmur, cardiomegaly, and increased pulmo- 
nary vascular markings were noted. Cardiac 
catheterization was carried out at another hos- 
pital at 43 months of age and congenital heart 
disease was diagnosed. At 5 months the child 
had blue swellings of both eyelids which be- 
came more prominent. He subsequently had 
another generalized seizure with cyanosis, at 
which time congestive heart failure was recog- 
nized and digitalis prescribed. His head was 
abnormally large and the scalp veins were 
promment. 

On admission to The New York Hospital, 
he had a symmetrically enlarged head (45 cm. 
in circumference), a full and strongly pulsatile 
anterior fontanelle, and dilated veins over the 
scalp and both eyelids. A loud systolic bruit was 
heard over the entire cranium. A chest roent- 
genogram (Fig. 1) demonstrated massive en- 


*From the Departments of Medicine, Radiology, and Pathology, The New York Hospital-Cornell Medical Center, New York, New 


York. 


t Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract I-258 and U-1648. 
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ic. 2. (4) Frontal and (B) lateral left carotid ar- 


teriograms showing enlarged cervical portion of 


internal carotid artery (IC). Note the enlarged 
anterior and posterior cerebral arteries (AC, PC) 
in comparison with the normal sized middle cere- 
bral artery. At 0.33 second, a small amount of con- 
trast medium is shunted into the vein of Galen 
(VG) via a network of malformed arteries. 
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lic. 2. (C) Frontal and (D) lateral views. Still early 
in the arterial phase, contrast medium is rapidly 
filling a huge aneurysm of the vein of Galen (VG) 
and straight sinus (St. S). 


largement of the heart. Left carotid and right 
vertebral arteriograms demonstrated a mas- 
sively dilated vein of Galen which was continu- 
ous with the left anterior cerebral and both pos- 
terior cerebral arteries (Fig. 2, Æ-F). A ventric- 
ulogram showed the aneurysm of the vein of 
Galen outlined by air in the posterior third 
ventricle as the cause of obstructive hydro- 
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cephalus (Fig. 3). The clinical diagnosis on the 
basis of roentgenographic studies was an ar- 
teriovenous malformation of the vein of Galen. 

Because the anomaly was causing obstructive 
hydrocephalus and because cardiac compensa- 
tion could not be maintained, a decision to 





Fic. 2. (Æ) Frontal and (F) lateral views. Late ar- 


terial and venous phases showing the aneurysm of 


the vein of Galen (VG), markedly dilated straight 
sinus (St. S), torcular Herophili, and dilated 
transverse (Tr. S). and sigmcid sinuses. 
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Lateral ventriculogram demonstrating in- 


FIG: 3. 
terna hydrocephalus with obstruction at aqueduct 
(arrow). Anterior portion of the aneurysm (VG) is 
clearly cutlined by the air in the posterior third 
ventncle (IIT). 


operate was made. A 3 cm. aneurysm of the 
vein of Galen was exposed via a left occipital 
craniotomy. It lay in the hiatus between the 
brain stem and the edge of the tentorium. Ap- 
proximately 10 to 1§ small arteries entered the 
aneurysm on either side. The arterial supply 
and the enlarged straight sinus were divided, 
and the aneurysm was excised without diff- 
culty. However, at the conclusion of the opera- 
tion, the patient’s heart developed ventricular 
fibrillation and he died. 

At postmortem examination, the heart and 
lungs together weighed 220 gm. (expected 
weight 107 gm.). All of the chambers of the 
heart were dilated; the myocardium of the left 
and right ventricles was 7 and 3 mm. in thick- 
ness, respectively. All other cardiac structures 
were normal; no anomaly was present. The 
head was enlarged and 44 cm. in circumference 
(expected circumference for age is 42 cm.). The 
cerebral hemispheres were separated and the 
intervening space was filled with approximately 
25 cc. of clotted blood. There was marked en- 
gorgement of the subarachnoid vessels at the 
base of the brain. Numerous severed vessels 
were clamped by metal clips. The quadrigem- 
inal plate was markedly flattened. On section, 
the ventricles were moderately dilated and 
there was atrophy of the adjacent white matter. 
Within the cerebral parenchyma a few milli- 
meters ateral to the lateral ventricle, there 
were several large, tortuous arteries, which 
often bulged into the adjacent ventricle (Fig. 4). 
The frontal lobes contained bilateral areas of 





Fic. 4. Photograph of coronal section of she mid- 
portion of the left cerebral hemisphere showing 
moderate dilatation of the left lateral ventricle and 
numerous anomalous tortuous, dilated arteries that 
supplied the aneurysm (arrow). 


softening and cavitation. Microscopically, in 
numerous sections from the frontal lobes and 
cerebe lum, the parenchyma and meninges con- 
tained numerous clusters of small abnormal 
vessels. The walls of many intracerebra. vessels 
were focally calcified. 

There was hyperemia of the lungs, liver, 
kidneys and spleen. Fresh blood was roted in 
the upper gastrointestinal tract with oceasional 
small areas of hemorrhage in the mucosa. All 
other structures were normal. 


COMMENT 


Cardiovascular dysfunction has been 
recognized as a complication of intracranial 
arteriovenous malformations since Ray’s" 
extensive review in 1941. The first 2 cases of 
heart failure occurring secondary to an 
aneurysm of the vein of Galen were re- 
ported by Clément ef al? in 1954. Since 
then no less than 17 cases of heart failure 
secondary to this lesion have been reported 
(Table 1).!3-*" In only 4 of these was the 
diagnosis made prior to death, and then 
only by cerebral arteriography. Two of the 
17 patients were operated upon in attempts 
to correct the arteriovenous fistula.®? Both 
survived surgery; I died later in a decere- 
brate state and a follow-up report of the 
second is not available. One patient had 
multiple shunting procedures performed 
for hydrocephalus, and the correct diagno- 
sis was made only at autopsy.’ Examina- 
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tion of the brain in each of the 13 patients, 
in whom diagnosis was made at autopsy, 
showed a large aneurysmal dilatation of the 
vein of Galen that was supplied by varying 
branches of the cerebral arteries. Other 
extracranial congenital anomalies were 
rare; 2 patients had congenital heart 
disease." 

Fourteen of the 17 patients died in con- 
gestive heart failure secondary to the 
arteriovenous malformation of the vein of 
Galen (Table 1). In 14, the onset of failure 
occurred in the first week of life, but 3 did 
not develop failure until 1, 4, and 7 months 
of age, respectively. Our patient was 
asymptomatic until the age of 3 months. In 
most instances, a diagnosis of congenital 
heart disease was made prior to cerebral 
arteriography or autopsy. Cyanosis and 
heart murmurs were frequent, and the car- 
diac failure was often difficult to control 
medically (Table 1). 

The mechanism of heart failure secon- 
dary to intracranial arteriovenous fistulas 
has been discussed in the past.” This type of 
cardiovascular dysfunction has been re- 
ferred to as hyperkinetic heart failure. The 
low peripheral resistance resulting from a 
direct communication between arterial and 
venous circulations causes both increased 
cardiac output and a compensatory hyper- 
volemia. The mechanisms by which these 
changes take place are poorly understood. 
Because the venous return to the heart is 
greatly increased without a concomitant 
reduction in pulmonary vascular resis- 
tance, right ventricular heart failure may 
supervene. Walker eż al. proposed that the 
cyanosis, often observed in infants with 
large arteriovenous fistulas, results from a 
massive right-to-left shunting of blood 
through the foramen ovale, secondary to an 
elevated right atrial pressure. 

It has been recognized that heart failure 
secondary to intracranial arteriovenous 
malformations appears most frequently in 
the neonatal period. Gold ef a/.® divided 
patients with vein of Galen malformations 
into 3 groups with respect to the age at 
which symptoms first appeared. They are: 
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SUMMARY OF CASES OF CONGESTIVE HEART FAILURE SECONDARY TO ARTERIOVENOUS MALFORMATION 
OF THE VEIN OF GALEN 





1 Clément ef al? (1954) 


Pollock and Laslett! (1958) 


bad 


4 Corrin? (1959) 


g Claireaux and Newman! (1960) 


“pF 


Gagnon and Boileaut (1960) 


& Glatt and Rowe? (1960) 


re Hirano and Solomon? (196¢)} 


ri Gomez etal’ (1963) 


12 


l4 


P 


rë Gold et als (1964) 


Ly 


18 Present case 


A= cerebral arteriography. 
PM= post mortem. 
CHI'= congestive heart failure. 


M 


M 


M 


M 


M 


M 


M 


Age at Ön- 
set of CHE 


4 weeks 


7% months 


2 days 


$3 


days 


r6 hours 


t week 


Birth 


33 hours 


32 hours 


Birth 


4 months 


12 hours 


Birth 


Birth 


3 days 


Birth 


Birth 


3 months 





Cardiovascular 
Manifestations 


Tense fontanelle 


Other Findings 


Diagnosis 


Cyanosis; peripheral PM 

edema; pulmonary edema 

Cardiomevaly; cyanosis Hydrocephalus A 

Cardiomegaly; tachycar- Hydrocephalus PM 

dia; tachypnea 

Cardiomegaly; dyspnea PM 

Cyanosis; systolic mur- Supernumerary digits; PM 

mur; hepatomegaly normal electroen- 
cephalogram 

Cyanosis; cardiomegaly; PM 

peripheral edema 

Cyanosis: cardiomegaly; Tense fontanelle PM 

pulmonary edema 

Cardiomegaly; systolic © Hydrocephalus PM 

murmur; tachypnea 

Cyanosis; gallop rhythm; PM 

hepatomegaly 

Cyanosis; cardiomegaly; PM 

hepatomegaly 

Cardiomegaly; hepato- Cranial bruit A 

megaly; pulmonary edema 

Cyanosis; cardiomegaly; PM 

systolic murmur 

Cyanosis; cardiomegaly; PM 

hepatomegaly 

Cyanosis; cardiomegaly; PM 

dyspnea 

Cardiomegaly; systolic Cranial bruit A 

murmur; hepatomegaly 

Cyanosis; cardiomegaly; Cervical cystic PM 

hepatomegaly hygroma 

Cardiomegaly; systolic © Hydrocephalus; A 

murmur; hepatomegaly cranial bruit 

Cardiomegaly; systolic © Hydrocephalus; A 

murmur cranial bruit 





Outcome 





Died, CHF; 


age 38 days 


Died, CHF; 
age 8 months 


Died, CHF; 


age 83 hours 


Died, CHF; 


age 4 days 


Died, CHF; 


age 4 days 


Died, CHF; 


age 16 days 


Died, CHF; 
age 2 days 


Cerebrospinal 
fluid shunt per- 
formed; died, 
meningitis at 
age § months 


Died, CHF; 


age 70 hours 


Died, CHF; 


age 7 weeks 


Died, CHF; 


age 6 months 


Died, CHF; 


age 36 hours 


Died, CHF; 


age 2 days 


Died, CHF; 


age 2 days 


Survived fol- 
lowing right 
carotid ligation 


Died, CHF; 


age 2 days 


Died in decere- 
brate state 2 
years following 
clipping of 
aneurysm 


Died at opera- 
tion 
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the neonatal period, in which heart failure 
predominates; infancy, in which convul- 
sions and hydrocephalus appear first; and 
older children and adults, in whom head- 
ache and focal signs predominate. Most 
commonly, infants with this anomaly pre- 
sent with convulsions and hydrocephalus. 
However, as illustrated by our infant pa- 
tient and Case t of Gomez et al., when con- 
gestive failure precedes hydrocephalus in 
the natural history of this disorder, diagno- 
sis 1s delayed. 

The vein of Galen malformations should 
be included in the differential diagnosis of 
heart failure of obscure cause in the neo- 
natal and infant periods. The svndrome of 
congestive heart failure, hydrocephalus, 
and a cranial bruit in an infant should sug- 
gest the diagnosis of an aneurvsm of the 
vein of Galen. Carotid arteriography usu- 
ally demonstrates the lesion. Vertebral 
arteriography should always be pertormed 
since the posterior cerebral arteries are the 
most common supplying vessels, and bi- 
lateral carotid arteriograms may not de- 
monstrate filling of the aneurysm.'? Ven- 
triculograms show a filling defect in the 
third ventricle, and, if hydrocephalus is 
present, there is symmetric enlargement of 
the third and lateral ventricles. 

The ‘surgical treatment has been re- 
viewed by Pool and Potts,” who favor a 
staged procedure. First, the nutrient artery 
or arteries are clipped on 1 side only. This 
may be sufficient to relieve symptoms and 
prevent subsequent complications. A sec- 
ond operation is usually necessary, at which 
time the nutrient arteries on the other side 
are divided, with or without resection of the 
aneurysm. Racemose types of arteriove- 
nous malformations are usually not ame- 
nable to correction.!° 
'. Most of the surgical experience with vein 
of Galen malformations has been in pa- 
tients who presented with symptoms other 
than cardiovascular.'? However, closure of 
the arteriovenous communication in pa- 
tients not in heart failure may precipitate 
acute cardiac decompensation due to sud- 
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den return of a large blood volume to effec- 
tive circulation. Hence, the blood volume 
and venous pressure must be carefully mea- 
sured pre- and postoperatively in all pa- 
tients in whom correction is attempted. 


SUMMARY AND CONCLUSIONS 


An infant with heart failure secondary to 
an arteriovenous malformation of the vein 
of Galen is described. The onset of conges- 
tive failure began at the age of 3 months. 
The diagnosis of an arteriovenous fistula 
was established by cerebral arteriography 
at the age of 6 months. The diagnosis was 
suggested by the presence of hydrocephalus 
and a cranial bruit. Surgical correction was 
attempted at 6} months of age, but the in- 
fant died of ventricular fibrillation, 

The literature on vein of Galen malfor- 
mations is reviewed with respect to those 
patients presenting with heart failure. 
Seventeen patients with heart failure sec- 
ondary to this lesion have been reported; 13 
were neonates and 3 were infants of 1, 4, 
and 7 months of age. Fourteen patients 
died in heart failure, 2 died following sur- 
gery, and only 1 survived. 

The mechanism of heart failure in intra- 
cranial arteriovenous malformations 1s 
poorly understood, but involves increased 
cardiac output and hypervolemia. The 
syndrome of congestive heart failure, 
hydrocephalus, and cranial bruit should 
suggest the diagnosis of an aneurysm of the 
vein of Galen. This diagnosis should always 
be considered in neonates and infants with 
heart failure of obscure etiology. 

Israel Steinberg, M.D. . 

The New York Hospital—-Cornell Medical Center 
s25 East 68th Street 

New York, New York 10021 
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ANGIOGRAPHY OF THE POSTERIOR 
CERVICOCRANIAL CIRCULATION* 


By JORGE WEIBEL, M.D., and WILLIAM S. FIELDS, M.D. 
HOUSTON, TEXAS 


yo angiographic techniques have 
been employed in the study of patients 
with insufficiency of the vertebrobasilar 
system or with lesions in the posterior 
cranial fossa. The purpose of the authors, 
however, is not to evaluate these methods 
but rather to report modifications in our 
own technique of percutaneous infraclavic- 
ular catheterization of the subclavian 
artery.®:’ These improvements have enabled 
us to delineate more precisely lesions which 
can be treated surgically, and should prove 
beneficial to others. The method was used 
initially in the study of patients with symp- 
toms of cerebral ischemia presumed to be 
due to vascular occlusive disease. However, 
it has been found to be extremely useful for 
visualization of other abnormalities such as 
saccular and fusiform aneurysms, arterio- 
venous malformations, and space-occupy- 
ing lesions in the posterior cranial fossa. 
Many physicians recognize the need for 
employing angiography in the diagnosis and 
localization of lesions in the posterior cere- 
bral circulation, but most insist that satis- 
factory delineation can be achieved only by 
direct vertebral injection, which is known 
to be technically difficult and potentially 
dangerous. We have been able with less 
risk to adequately opacify the vessels in the 
posterior fossa indirectly by means of 
catheterization of the subclavian arteries. 
Anatomic and roentgenologic studies of 
the vertebral arteries have revealed a high 
incidence of morphologic variations such as 
unilateral or bilateral hypoplasia and tor- 
tuosity in the cervical segment. These ab- 
normalities may increase the technical 
difficulties in performing direct vertebral 
puncture, and for this reason indirect in- 
jection is preferred. Furthermore, a needle 
inserted directly into one of the vertebral 
arteries prohibits freedom of movement of 


the head and neck so that certain essential 
roentgenographic projections cannot be 
used. 

From July, 1962, to September, 1965, 
subclavian catheterization was employed in 
846 patients (580 males and 266 females) 
between the ages of 4 and gi years admitted 
to The Methodist Hospital, Houston, 
Texas. The prearteriographic diagnosis in 
the majority of these patients was cerebro- 
vascular insufficiency due to atherosclerotic 
occlusive disease, but 39 patients were ad- 
mitted with diagnoses of other types of le- 
sions in the posterior cranial fossa or poste- 
rior cervicocranial circulation, including 15 
aneurysms, 6 arteriovenous malformations, 
g tumors of the posterior fossa, and g cases 
of extrinsic compression of the vertebral 
artery. . 

The procedure was performed using gen- 
eral anesthesia in 583 patients (81 per cent) 
and local anesthesia in 135 (19 per cent). It 
has been our observation that most patients 
will tolerate the injection of a large amount 
of contrast material much better when 
under general anesthesia. For this reason 
and for the convenience of the arteriog- 
rapher, general anesthesia has been used in 
the majority of these cases since early in 
1964. 

Meglumine iothalamate 60 per cent 
(Conray, Mallinckrodt) was employed in 
all cases, and the injections were made 
manually. The amount of contrast material 
used in a single injection was from 5 to 30 
ml., and the total amount injected was be- 
tween so and 200 ml. In this series of pa- 
tients, there were 785 bilateral and 61 uni- 
lateral subclavian catheterizations, making 
a total of 1,631. 


MATERIAL AND METHOD 
In order to carry out this procedure, the 


* From the Department of Neurology, Baylor University College of Medicine, Houston, Texas, 
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Fic. 1. (a-g) Equipment used in direct percutaneous infraclavicular catheterization 
of the subclavian artery. (For details see Appendix.) 


following equipment, prepared as de- 
scribed, is required (Fig. 1, a—q).* 

1. A Cournand-Grino needle (Fig. 1a), 
AXT487LNR, 17 gauge, 33 inches long, or a 
Seldinger needle (Fig. 1c), PE 160. 

2. A flexible metallic guide, 19 gauge 
(Fig. 14), to fit the Cournand-Grino needle. 
A 20 gauge metallic guide (Fig. 1d) is used 
with the Seldinger needle. Both of these 
guides should be 80 cm. in length with an 8 
to 1o cm. straight flexible tip, which is easy 
to thread into a tortuous artery. 

3. Polyethylene tubing (Fig. 1e), PE 190 
or PE 200 1n caliber, 20 to 25 cm. in length. 
It is very important that the tip of the 
catheter be properly prepared in order to 
facilitate its insertion over the metallic 
guide and through the skin and wall of the 


* A list of manufacturers of this equipment with numbers corre- 
sponding to those used in the paper may be found in the Appendix. 


artery. The heat from a lighted cigarette is 
used to dare out the end of the catheter to 
be fitted into the tubing adapter. The other 
end is adjusted to the diameter of the 
metallic guide by gently stretching a seg- 
ment and heating it with steam. The 
metallic guide is inserted into the tubing, 
which is then cut with a razor blade at the 
point where advance of the tip of the 
metallic guide is impeded by the narrowed 
lumen (Fig. 2). 

When polyethylene tubing of larger 
caliber (PE 200) is used, to facilitate 
manual injection, a holeis made 1 to 1.5 cm. 
from the tip of the catheter using a punch- 
ing instrument (Fig. 17). Tubing of this 
caliber is used mostly for injection of more 
concentrated contrast material (Angio- 
Conray 80 per cent, Mallinckrodt) into the 
aortic arch. 
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A POLYETHYLENE CATHETER | PE 190 or PE 200 


18-22 em. LENGTH 


8. LIGHTED coanerres 


HEAT AND STRETCH HERE 


_— — fr 






HEAT HERE 
TO FLARE OUT 


STEAM — íf 


BOILING 
WATER 


HEAT 
SOURCE 
D. 
a 
~~ FLEXIBLE METALLIC WITH RAZOR BLADE 
GUIDE 


U eee 
TO TUBING ADAPTER 


F. 
' 
POLYETHYLENE CATHETER = SIDE HOLE 


PE200 


Fig. 2. Steps in the preparation of polyethylene 
catheter for arterial catheterization. 


4. A tubing adapter (Fig. 1g), A-1025, 
size C, is fitted to the flared end of the 
polyethylene tube. Recently, we have been 
employing a removable fitting (Fig. 1/), 
#BR 80 or BR go. With this device, the 
tubing adapter and the one-way stopcock 
may be connected in one piece. The tubing 
is then connected to a 30 ml. syringe by 
means of a flexible plastic connecting tube 
şo cm. in length (Fig. 17), which permits 
the operator to remain behind a shield out 
of the field of radiation. For injection of the 
aortic arch, the plastic tube is cut at both 
ends and one end inserted into a one-way 
‘stopcock, B.D. MSog-T (Fig. 1/), and the 
other end is inserted into an adapter, B.D. 
608 /L (Fig. ım). The adapter and stopcock 
are secured by winding a piece of wire 
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around the tubing to permit high pressure 
during injection. 

5. A one-way stopcock, B.D. MSog 
(Fig. 14), is fitted to the tubing adapter of 
the polyethylene catheter, which permits 
the system to be opened or closed as de- 
sired. 

6. A Y-shaped connecting tube (Fig. 17) 
for simultaneous bilateral injection of the 
subclavian arteries. This bifurcated tube 
can be obtained with the set for hypoder- 
moclysis. The tube is cut 12 cm. from the 
bifurcation and an adapter, B.D. H/468L 
(Fig. 10), fitted at each end for connection 
to the adapters on the polyethylene tube. 
An adapter, B.D. L/606 (Fig. 1p), is placed 
on the single stem of the Y-shaped tube so 
that it may be connected to the 30 ml. 
syringe (Fig. 1g) by attaching it to the long 
plastic tube previously described. A Y- 
connection adapter, B.D. 439A, female 
Luer-Lok to two male Luer-Loks may be 
employed for the same purpose. 

7. Normal saline solution, 300 to 400 ml., 
containing 50 mg. of sodium heparin per 
100 ml., is needed for perfusion of the tub- 
ing at regular intervals to avoid clotting. 

8. The polyethylene tubing, prepared in 
advance, and the Y-shaped connecting 
tube are kept sterile in colorless Zephiran 
solution (Winthrop Laboratories) and 
washed with normal saline solution before 
being used. 


TECHNIQUE 


The patient is placed on the table in a 
supine position with his neck in neutral 
position or slightly hyperextended by a roll 
under the shoulders, making it easier to 
palpate the subclavian artery above the 
clavicle. This is important for determining 
the approximate position of the vessel be- 
fore advancing the needle from the site of 
infraclavicular puncture. 

The site of needle puncture in the infra- 
clavicular region is at the junction ofthe 
inner and middle third of the clavicle. Al- 
though the point at which the subclavian 
artery crosses the inferior borderfof the 
clavicle varies slightly from one patient to 


Vor. 98, No. 3 


another, a review of many angiograms has 
shown that it is usually between §.5 and 
6.5 em. from the superior angle of the 
medial end of the clavicle. In some patients 
it crosses at a point slightly more lateral 
but seldom more medial. 

With the fingers of one hand, the sub- 
clavian arterial pulse is palpated in the 
supraclavicular fossa, and, with the free 
hanc, the double needle is inserted beneath 
the clavicle and advanced superiorly, 
medially, and posteriorly toward the pal- 
pable pulsation. The artery at this point 
is superficial and hes over the first rib. The 
branches of the brachial plexus are above 
and behind the vessel. When the tip makes 
contact with the first rib, the needle should 
not be inserted further. At this depth one 
should be able to puncture the artery with- 
out injuring the pleura and lung. Palpation 
and puncture of the artery are often diff- 
cult if the systolic blood pressure is less than 
rco mm./Hg. Under such circumstances, 
the anesthetist can assist by administer- 
ing vasopressor drugs. 

Once the tip of the double needle 1s with- 
in the lumen of the artery, the sharp inner 
needle is withdrawn and the outer sheath 
adjusted by gently advancing or withdraw- 
ing until satisfactory pulsatile blood flow is 
obtained (Fig. 3a). The flexible end of the 
metallic guide is then introduced through 
the outer needle until 4 or 5 cm. has been 
inserted into the arterial lumen (Fig. 38). 
The guide must be advanced with care. If 
resistance is encountered, it mav be due to 
the position of the needle with respect to 
the wall of the artery, and a slight change in 
the direction of the needle may facilitate 
insertion. On occasion, the tip of the guide 
may enter the thvrocervical trunk or the 
vertebral artery. The position of the guide 
may be controlled by means of fluoroscopy 
or Polaroid films. The guide can be with- 
drawn and advanced again after changing 
the direction of the needle. If the resistance 
cannot be overcome, the guide should be 
left in position and the next step under- 
taken. 

After the metallic guide is in place, it 
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should be held with one hand close to the 
distal part of the needle while the needle 
is withdrawn over it (Fig. 3c). Using slight 
rotatory movements, the previously pre- 
pared polyethylene tubing 1s inserted over 
the metallic guide, through the skin and 
arterial wall, and into the vascular lumen 
(Fig. 3d). The guide must be held firmly 
with the fingers of one hand while the 
catheter is advanced 4 or § cm. into the 
subclavian artery with the other. For injec- 
tion of the innominate and right carotid 
arteries, the catheter should be advanced 
approximately 8 to 1ocm. If the aortic arch 
is to be visualized, the catheter should be 
advanced 13 to 15 cm. into the vessel. The 
catheter must not be advanced together 
with the metallic guide since tortuosity or 
kinking of the subclavian and innominate 
arteries will occasionally prevent the guide 
from easily following the course of the 
vessel. Also, since the catheter may enter 
the thyrocervical trunk or vertebral artery, 
advancing the guide and catheter together 
could injure the intima. 

When the catheter is in the desired posi- 
tion, itis held with the fingers of one hand 
and the metallic guide withdrawn. Con- 
tinued pulsatile blood flow, although less 
than that observed to flow through the 
needle, is a good indication that the cathe- 
ter is in the correct position. Occasionally, 
after the metallic guide has been withdrawn, 
kinking of the catheter or its position in a 
smaller branching vessel will prevent back- 
How. If this occurs, the catheter should be 
slowly pulled back 1 to 2 cm. 

When assured that the catheter has been 
correctly placed, the one-way stopcock is 
htted to the tubing adapter and connected 
to the 30 ml. syringe with the long plastic 
tube (Fig. 3e). When simultaneous bilateral 
injection is to be carried out, the catheters 
on both sides are connected to the syringe 
through the Y-shaped connecting tube 
(Fig. 3/). To prevent clotting in the tube, 1 
or 2 ml. of normal saline solution containing 
heparin is injected at frequent intervals. 

To be certain of the exact position of the 
catheter tip, it 1s advisable to make an ex- 
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lic. 3. Steps necessary for direct percutaneous infraclavicular catheterization of the subclavian artery. 
(a) Puncture of artery. (4) Insertion of metallic guide. (c) Withdrawal of needle. (d) Insertion of catheter. 
(e) Connection of polyethylene catheter to 30 ml. syringe for unilateral injection. (f) Connection of both 
catheters using a Y-shaped tube for bilateral simultaneous injection. 
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posure following an injection of a small 
amount of contrast material before proceed- 
ing with further injections. Twenty to 25 
ml. of contrast material is used for uni- 
lateral injection and 30 ml. for bilateral 
simultaneous injection. The tubing system 
must be filled with contrast material before 
the amount desired for roentgenographic 
exposure is injected. 

When both vertebral arteries are of large 
caliber, injection of one side may produce 
lamination of contrast material in the basi- 
lar artery (Fig. 9). In order to avoid this, a 
bilateral simultaneous subclavian injection 
is carried out (Fig. 4). Also, in patients in 
whom both vertebral arteries are hypo- 
plastic or when the presence of stenotic 
lesions could prevent satisfactory visualiza- 
tion of the basilar artery and its branches, 
this procedure is preferred to unilateral in- 
jection (Fig. 5). 

RESULTS 

By employing this technique, we have 
been able to demonstrate several different 
types of lesions of the posterior cervico- 
cranial circulation or posterior cranial fossa. 





ic. 4. Bilateral simultaneous injection of subclavian 


arteries to avoid lamination of contrast material in 
a case in which both vertebral arteries are large. A 
large fusiform aneurysm of the basilar artery 1s 
Cemonstrated. 
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Bilateral simultaneous injection of sub- 
clav an arteries revealing stenosis at origin of both 
smal vertebral arteries. 


FIG. §. 


i. Atherosclerotic occlusive disease, which 
may involve the vertebrobasilar svstem at 
ditterent levels (Fig. 6, a, 6 and c). It fre- 
quently occurs in the proximal segment of 
the subclavian or innominate arteries near 
their origins or in the cervicocranial course 
of the vertebral arteries. It may also be 
present in the basilar artery or its branches. 
In cases of complete vertebral artery occlu- 
sion or when the vertebral arteries are very 
hypeplastic, the symptoms of vertebro- 
basilar insufficiency are often associated 
with occlusive disease of the carotid sys- 
tem, which prevents satisfactory collateral 
blood flow through the posterior communi- 
cating arteries. For this reason, when the 
symptoms are suggestive of vertebrobasilar 
insufficiency, the carotid arteries as well as 
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‘ic. 6. Arteriograms in 3 patients showing occlusive 
disease at different levels. (a) Complete occlusion 
of the irnominate artery (arrow). (b) Marked 
stenosis at origin of right subclavian artery 
(lower arrow), moderate stenosis at origin of right 
vertebral artery (mid arrow), and mild compres- 
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the posterior circulation should be visual- 
ized. 

2. Extrinsic compression by musculo- 
skeletal structures occasionally produces 
partial or complete occlusion of the vertebral 
arteries. Patients with this type of lesion 
only complain of vertebrobasilar insuff- 
ciency when the head and neck are held in a 
certain position.) 245 

Hyperextension of the head and neck, 
with or without rotation, may block the 
vertebral arteries in their proximal segment 
or at the base of the skull. This position 
may prevent visualization of the intra- 
cranial segment of the vertebrobasilar sys- 
tem in a submental-vertex view. Rotation 
ot the head and neck to the side opposite 
that being injected may block the vertebral 
artery at the atlantoaxial joint.on the side 
being injected (Fig. 7, a and 4). On the 
other hand, rotation of the head to the side 
being injected may block the vertebral 
artery on that side in its proximal segment, 
preventing satisfactory visualization of the 
intracranial portion of the vertebrobasilar 
system, or it may give a false impression of 
complete occlusion of the vertebral artery 
at its origin. 

For complete evaluation of patients with 
vertebrobasilar insufficiency symptoms as- 
sociated with changes of position of the 
head and neck, cervicocranial angiography 
should be carried out with the head and 
neck first in hyperextension and then in a 
neutral position and rotated from one side 
to the other. These positions will assist in 
ditterentiating between mechanical com- 
pression and intrinsic stenosis or occlusion 
of the vertebral artery. 

Cervical osteophytes occur most fre- 
quently at the Cs-6 level. Atherosclerotic 


sionof rightvertebral artery by cervical osteophyte 
between C4-C5 (upper arrow). (c) Occlusive dis- 
ease of the lower segment of the basilar artery 
(arrow on left) in a patient with a left vertebral 
artery only. There is collateral filling of the left 
middle cerebral artery (arrow on right) due to com- 
plete occlusion of the left internal carotid artery. 
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lic. 7. Left subclavian artery injection showing (a) mechanieal occlusion of the left vertebral artery at the 
level of atlantoaxial joint when the head and neck are rotated to the right side, and (4) satisfactory filling 
of the intracranial segment and basilar artery, after repeated injection, when the head and neck are rotated 


to the left side. 


plaques may also occur at this level, and 
differential before 
surgical treatment can be considered. Ex- 
trinsic compression of the vertebral artery 
by cervical osteophytes occurs most often 
when the head and neck are turned to the 
side involved by the bony protrusion (Fig. 
8, a and 4). With the head in a neutral posi- 
tion or rotated to the side opposite the 
osteophyte, the alteration in caliber of the 


diagnosis is essential 


vessel is minimal or not observed at all. If 


narrowing at this level is produced by an 
atherosclerotic plaque, the caliber of the 
artery is unchanged and not affected by 
rotation of the head and neck in any direc- 
tion. If angiography is carried out with the 
patient under general anesthesia, change in 
position of the head and neck must be 
passively maintained by a binder or tape. 


This is usually unnecessary when the pro- 
cedure is performed on a cooperative pa- 
tient under local anesthesia. 

3. Aneurysm. Fifteen intracranial saccu- 
lar aneurysms of the posterior cervico- 
cranial circulation were demonstrated. One 
was located on the fifth cervical radicular 
artery and one on the right anterior in- 
ferior cerebellar artery. Five were in the 
vertebral artery at the origin of the pos- 
terior inferior cerebellar artery, and 8 were 
at the bifurcation of the basilar artery (Fig. 
9). 

4. Arteriovenous malformations were dem- 
onstrated in 6 cases filling from the pos- 
terior circulation. In 4 the arterial blood 
supply was from the anterior as well as from 
the posterior part of the circle of Willis. 
Visualization of the feeding arteries in this 
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(a) Injection of left subclavian artery demonstrating extrinsic compression of the left vertebral artery 


by a cervical osteophyte at level of C4-C5 (arrow) when head and neck are turned to the left. (6) Repeat 
injection with the head to the right showing normal caliber of the artery throughout its course. 


type of anomaly is particularly important 


if surgical treatment is contemplated (Fig. 
IO, a and b). 

5. Angiography was of diagnostic value 
in 7 out of g cases with a prearteriographic 





diagnosis of tumor of the posterior fossa. In 
1 of the 2 remaining cases, the symptoms 
uggesting tumor were caused by a large 
se ae nee fusiform aneurysm of the 
intracranial segment of the left vertebral 
artery (Fig. 11). No lesion was demon- 
strated in the remaining case. 


COMPLICATIONS 


In this series of 846 patients in whom a 
total of 1,631 catheterizations of the sub- 
clavian artery was performed using the 
infraclavicular approach, the complications 
were all local and minimal in the 74 pa- 
tients (g.0 per cent) in whom they occurred. 
There were no deaths. Unilateral pneumo- 


FIG. 9. Aneurysm of left vertebral artery adjacent to 
origin of posterior inferior cerebellar artery (arrow 
on right). Notice lamination of contrast material in 
the basilar artery (arrow on left). 
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‘tc. 10. (a) Arteriovenous malformation filling from a right carotid injection through a large anterior choroi- 
da. artery (arrow). (6) Right subclavian injection with filling through branches of right posterior cerebral 


artery (arrow). 





FIG. 11. Fusiform arteriosclerotic aneurysm (oblique 
view) of left vertebral artery at level of the fora- 
men magnum. Prearteriographic diagnosis was 
posterior fossa tumor. 


thorax occurred in 6 cases and bilateral 
pneumothorax in I case. A small unilateral 
hemothorax was disclosed in I patient 6 
hours after arteriography. These complica- 
tions occurred in 6 women and 1 man. The 
reason for the higher frequency in females 
is not clear. Small intramural injections or 
extravasation of the contrast material oc- 
curred in 54 cases. Hematoma after with- 
drawal of the catheter occurred in 12 cases, 
but this was readily controlled by manual 
compression of the artery. Cerebral compli- 
cations, loss of brachial or radial pulse, 
arterlevenous fistula, or injury to the 
brachial plexus have not occurred in this 
series 
CONCLUSIONS 

Direct percutaneous infraclavicular 
catheterization of the subclavian artery 
ofters the following advantages: 

I. It is easy to perform and essentially 
painless with local anesthesia if meglumine 
1othalamate 60 per cent (Conray) is the 
contrast medium used. 

2. Expensive instruments are not re- 
quired and routine roentgenographic equip- 
ment can be used. 

3. This procedure permits positioning of 
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the head and neck in order to study the 
effect of musculoskeletal structures on the 
vertebral circulation or to obtain special 
projections without the risk of extravasa- 
tion or injury to the arteries. 

4. It is possible to perform bilateral 
simultaneous injection of the subclavian 
arteries in order to better visualize the basi- 
lar artery and its branches. Lamination of 
contrast material in the basilar artery can 
be avoided in cases in which both vertebral 
arteries are of the same caliber. 

5. In cases in which only the right verte- 
bral artery can be visualized due to anoma- 
lous origin, hypoplasia, or occlusion of the 
left vertebral, selective catheterization of 
the right vertebral can be carried out 
through the right subclavian artery to 
avoid having the contrast material enter 
the carotid system. This is critical when 
adequate delineation of the feeding arteries 
of an arteriovenous malformation is neces- 
sary, particularly when it receives its blood 
supply from the right carotid system as well 
as the posterior circulation. 

6. This arteriographic technique has 
proved to be effective in visualizing aneu- 
rysms and arteriovenous malformations 
involving the posterior cranial circulation 
or in cases of suspected tumor of the pos- 
terior fossa. It permits localization of ex- 
trinsic compression of the vertebral artery 
by musculoskeletal structures. 

7, The complications have been minimal 
and local. 


William S. Fields, M.D. 

Department of Neurology 

Baylor University College of Medicine 
Houston, Texas 


APPENDIX 


EQUIPMENT REQUIRED FOR PERCUTANEOUS 
INFRACLAVICULAR CATHETERIZATION OF 
THE SUBCLAVIAN ARTERY 


1. (a) Cournand-Grino needle, XT487- 
LNR, 17 gauge, 34 inches long: 
Beckton-Dickinson and Co., 
Rutherford, New Jersey (Fig. 1a); 

(b) Seldinger needle, PE 160: Ohio 


t 


rk 
* 


6. 
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Chemical and Surgical Equip- 
ment Co., Division of Air Reduc- 
tion, 1400 East Washington Ave- 
nue, Madison 10, Wisconsin (Fig. 
1c). 


. Flexible metallic guide, 19 and 20 


gauge, 80 cm. long, 8 to Io cm. 
straight flexible tip: C. Christian & R. 
Tilbury, 2741 Kyle Avenue North, 
Minneapolis, Minnesota (Fig. 1, 6 and 


d). 
(a) 


(b) 


(a) 
(b) 


(c) 


(d) 


(e)? 


Polyethylene tubing, PE 190 or 
PE 200 caliber, 20 to 25 cm. long: 
Clay Adams, t41 East 25th 
Street, New York 10, New York 
(Fig. te). 

Punching instrument, #17.889-3: 
Schick X-Ray Co., Inc., 444 
North Lake Shore Drive, Chicago 
18, [linois (Fig. 17). 

Tubing adapter, A-1025, size C: 
Clay Adams (see No. 3a) (Fig. 1g). 
Removable fitting, #BR 80 or 
BR go: United States Catheter 
and Instrument Co., Glenn Falls, 
New York (Fig. 1f). 

Flexible plastic connecting tube, 
K-50 sterile extension tube #5420: 
Pharmaseal Laboratories, Glen- 
dale, California (Fig. 17). 
One-way stopcock, B.D. MSo4-T: 
Beckton-Dickinson (see No. 1a) 
(Fig. 12). 

Adapter, B.D. 608/L: Beckton- 
Dickinson (Fig. 17). 


One-way stopcock, female Luer-Lok 
to male Luer-Lok, B.D. MSog: Beck- 


ton- 


(a) 


(b) 


Dickinson (Fig. 14). 

Y-shaped connecting tube, Cly- 
Q-Pak, #4617: Abbott Labora- 
tories, North Chicago, Illinois 
(Fig. 17). 

Y-shaped connection adapter, B. 
D. 439A, female Luer-lok to two 
male Luer-Loks: Beckton-Dickin- 
son. 

Two adapters, B.D. H/468L: 
Beckton-Dickinson (Fig. 10). 
Adapter, B.D. L/606: Beckton- 
Dickinson (Fig. 1p) 


vi 
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(e) 30 ml. syringe: Beckton-Dickin- 
son (Fig. 1g). 
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‘POST-ANGIOGRAPHY ISOTOPE BRAIN SCANNING#* 
POSITIVE OR NEGATIVE? 


By E. R. HEINZ, M.D., J. R. BRYLSKI, M.D., J. L. IZENSTARK, M.D., and H. S. WEENS, M.D. 
ATLANTA, GEORGIA 


pets the past several years there 
has been general acceptance of radio- 
isotopic brain scanning as a screening pro 
cedure in the evaluation of neurologic pa- 
tients. Some of these patients have been 
subjected to cerebral arteriography prior to 
scanning. Recently, several reports have 
appeared in the medical literature concern- 
ing false positive isotopic brain scans due 
to artifacts related to previous cerebral 
arteriography.®®" These changes have been 
attributed to alterations in the blood brain 
barrier after the introduction of contrast 
material or to technical problems in the 
needle puncture technique. Because of con- 
fusion about whether this is a significant 
factor in routine brain scanning, 10 patients 
in whom pre- and post-arteriographic brain 
scans were made were evaluated. The au- 
thors report the results of this study. 


METHOD 


Brain scanning was performed in the 
usual manner using Hg!’ in a dosage of 15 
uc/kg. as a part of the evaluation of pa- 
tients with suspected cerebral lesions. Sub- 
sequently, cerebral arteriography was per- 
formed, and within the next few days, 
brain scanning was repeated. Patients were 
limited to those individuals who had nega- 
tive pre-angiographic brain scans, and who 
were over 38 years of age. One younger pa- 
tient (28 years of age) was rescanned for 
other reasons and is included in the series. 
Every attempt was made to avoid technical 
problems in needle puncture technique dur- 
ing arteriography. Most of the patients had 
preliminary roentgenograms of the neck to 
confirm optimal needle position. Reno- 
grafin 60 was used in all patients. 

The scans were interpreted indepen- 
dently of the patient’s history and again 
_ after knowledge of the clinical findings. 


DISCUSSION 


It has been known for many years that 
intravascular contrast material can affect 
the blood brain barrier. Broman and 
Olsson? describe injections in dogs with 
increasing volumes of contrast material in 
which trypan blue given intravenously was 
shown to stain the brain, presumably re- 
lated to alterations in the blood brain bar- 
rier. Two variables were indicated: the 
concentration of the contrast medium and 
the duration of time that the medium was 
in proximity to the brain. Other signs of 
brain toxicity have been used to gauge the 
effect of contrast material on the brain. 
Hilal* has used the production of seizures 
in dogs as an indication of excessive admin- 
istration of intra-arterial contrast material. 

Bender? states that following arteriog- 
raphy his scans were frequently uninter- 
pretable. He stated that an entire 
hemisphere might have 20 to 30 per cent 
more activity than the opposite side, and 
that underlying lesions might be missed 
where the radioactivity was diffusely in- 
creased. McAfee! has also stated that 
ill-defined diffuse activity may be seen 
throughout the entire hemisphere following 
arteriography, or the study may be normal. 
He cautions that radioisotope scanning 
should not be performed until 3 to 7 days 
following arteriography, and states that he 
has never seen an abnormal scan if the ab- 
normality was due to an earlier arteriogra- 
phy when this precaution was followed. 

There is significant evidence! to suggest 
that faulty needle technique may be the 
most significant factor in complications 
relating to carotid arteriography. This us- 
ually is caused by subintimal dissection 
which can partially or wholly obstruct the 
arterial lumen. Monitoring of each punc- 
ture by a lateral roentgenogram, particu- 


* From the Department of Radiology, Emory University School of Medicine, Atlanta, Georgia. 
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LCC= left common carotid. 
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larly if the film can be rapidly developed, 
will allow re-position of the needle, with 
immediate correction of the hemodynamic 
alteration. Failure to observe these arti- 
facts may be responsible for many of the 
complications related to carotid arteriog- 
raphy, and, until recently, attributed to 
contrast material. With partial occlusion of 
the common carotid artery, one could 
readily envision transient ischemia of the 
entire hemisphere leading to changes in the 
blood brain barrier. The scan would re- 
flect these changes. Fortunately, many of 
these arterial artifacts are quickly reversi- 
ble over the next several days. The clinical 
alterations may be minimal and are often 
dismissed. 
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McAfee and Taxdaľ have also noted 
changes in the brain scan made several 
days after pneumoencephalography. 

In brief, this study, which involves a very 
limited number of patients, suggests that 
routine, carefully performed, carotid arteri- 
ography does not produce abnormalities in 
the post-angiography isotopic brain scan. 
lt is suggested that when diffuse areas of 
‘adioactivity are seen following angiogra- 
phy, it may be a reflection of transient ar- 
terial compromise related to the puncture 
technique, as well as the more widely pub- 
lieized toxicity due to excessive contrast 
material. Changes in the blood brain bar- 
rier may occur in the area supplied by 
the carotid artery and these areas may 
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show increased radioactivity on the brain 
scan. 


SUMMARY 


In the last several years there have been 
statements in the medical literature that 
brain scans may demonstrate variable in- 
creases in radioactivity following carotid 
arteriography. It is possible that some of 
these areas of increased radioactivity might 
be interpreted as “false positives.” 

Ten patients are reported in whom rou- 
tine neurologic evaluation by scanning 
showed no evidence of abnormal radio- 
activity and cerebral arteriography fol- 
lowed by repeat brain scans with Hg!’ 
likewise showed no evidence of abnormal 
radioactivity. In those patients in whom 
greater quantities of contrast material are 
given or in whom a technical artifact is 
created by a faulty arterial puncture, cer- 
tainly, it is possible that cerebral injury 
with alterations of the blood brain barrier 
might be produced. However, in well per- 
formed, routine, cerebral arteriography, 
this is probably not a significant factor. 
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BRAIN ABSCESS IN CHILDREN* 
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RLY RECOGNITION 





By M. TEFFT, M.D.,t D. D. MATSON, M.D.,F and E. B. D. NEUHAUSER, M.D. 


BOSTON, MASSACHUSETTS 


ECENTLY, we have had the oppor- 
tunity to study 4 patients with the 
diagnosis of cyanotic congenital heart 
disease who had symptoms of intracranial 
involvement by a process which was sus- 
pected of being a brain abscess. 

To our knowledge, previous reports have 
not specifically noted the use of the radio- 
rsotope brain scans in this particular clinical 
situation. It is our wish to document our 
experience with radioisotope brain scan- 
ning as an earlier diagnostic procedure in 
this group of patients than arteriography 
and air encephalography. Reference will be 
made to the time interval between these 
examinations. 


METHOD 


Qn the evening prior to examination. 0,5 
to 1.0 ml. of intramuscular mercuhydrin is 
administered. On the following morning, 10 
uc/kg. body weight of Hg!** chlormerodrin 
is injected intravenously. Scanning begins 
within 3 to 4 hours after this injection. We 
first obtain an anterior or posterior scan, 
anc if lateralization of activity is noted, 
then a lateral scan of that side is made. If 
no lateralization occurs, then scans are 
made in the anterior, posterior, right and 
left lateral positions. A Picker Magna 
Scanner equipped with a 3X2 inch sodium 
iodide thallium activated crystal is used. 
This is equipped with a lead shielded 19 
hole collimator and a pulse height analyzer. 
Other details of scanning and reference to 
radiation dose have previously been de- 
scribed.”° 


REPORT OF CASES 


Case 1 L.D., a 74 year old white female, was 
seen first at The Children’s Hospital Medical 
Center of Boston at the age of 7 months with 


symptoms of easy fatigability, rapid breath- 
ing and cyanosis. A diagnosis of hemitruncus 
arteriosus was made with the aid of cardiac 
catheterization. 

She was seen frequently thereafter and was 
clinically well until 5 days prior to her most re- 
cent admission, when she developed generalized 
headaches, most marked over the lett hemis- 
phere and a temperature of 103°F. Delirium, 
“random speech” and some diminution in 
visua acuity were associated symptoms, 

On admission, her vital signs were: blood 
pressure 100,/60, respiration 24/min., pulse 88/ 
min., and temperature 99.6°F. Positive physical 
findings were: 2+ cyanosis with clubbing of the 
extremities and a Grade ti continuous mur- 
mur m the fourth right intercostal space which 
was transmitted to the right chest. Except for 
right hemianopsia, the neurologic examination 
was otherwise not remarkable. 

Laboratory examination revealed a white 
bloed cell count of 10,200 with 62 per cent poly- 
morphonuclear cells, 1 per cent bands, 35 per 
cent lymphocytes and 2 per cent monocytes. 
The hematocrit was $8 per cent. 

Lumbar puncture revealed an opening pres- 
sure of 110 mm. of water and a closing pressure 
of 105 mm. There were 24 white blood cells per 
high power field, 18 monocytes and 6 polymor- 
phonuclears. The total protein of the spinal 
fluid was 71 mg. per cent and the sugar was 50 
mg. per cent. 

On the second hospital day, a radioisotope 
brain scan disclosed selective uptake of radio- 
activity in the left posterior parietal lobe (Fig. 
1, Æ and B}. Electroencephalography, per- 
formed on the same day, revealed “reversal of 
high voltage delta waves in the left posterior 
temperal region.” A sonar encephalogram 
showed a 3 mm. shift of the midline from the 
left to the right. 

She began treatment with intravenous peni- 
cillin (6 million units twice daily) and chloram- 
phenicol (400 mg. twice daily). Dilantin, 25 mg. 
twice daily, was also administered. 
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Fic. 1. Case 1. (4) Posterior scan made on the second hospital day. There is an area of activity to the left of 
the midline (arrow). (B) Left lateral scan. The localized activity is in the posterior parietal lobe (arrow). 


Over the next 4 days, her clinical condition of localization of radioisotope (Fig. 2, £ and B). 
remained stable. At this time, through aleft It was speculated that this widened area of in- 
parietal-occipital burr hole, a brain cannula creased isotopic uptake might be due either to 
was passed into the area of localized activity extension of the cerebritis or to contusion and 
demonstrated on the isotope scan. No massor hemorrhage from the attempted aspirations. An 
purulent material was encountered on zhree electroencephalogram at this time also seemed 
attempts. A tentative diagnosis of focal cere- to reveal a more diffuse focus. 
britis was made and she was continued on intra- On the 16ta hospital day, as her condition re- 
venous antibiotics. On the tenth hospital day,a mained stable, oral antibiotics (400,000 units of 
repeat brain scan revealed a more diffuse pattern penicillin twice daily and 200 mg. of chloromy- 
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Fic. 2. Case 1. (4) Posterior scan made on the roth hospital day. The area of activity, lateralized to the left 
hemisphere, appears more diffuse than on previous examination (ar-ow). (B) Left lateral scan. The same 
increased area of uptake again is noted in the left posterior parietal lobe (arrow). 
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cetin twice daily) were substituted for intra- 
venous medication. 

On the 17th hospital day, the electroenceph- 
alogram revealed a more localized abnormal 
tracing and the sonar encephalogram showed 
less shift of midline structures. At this same 
time, a pneumoencephalogram revealed mini- 
mum dilatation of the left lateral ventricle in 
the region of the trigone. No definite shift of the 
midline structures or displacement of the ven- 
tricular system was seen. There was noted to be 
lack of air in the subarachnoid spaces over the 
left hemisphere but this finding was considered 
of doubtful significance. The dilatation of the 
left ventricle was considered to be due possibly 





‘ic. 3. Case 1. (4) Anterior pneumoen- 
cephalogram made on the 17th hospital 
day. There is slight dilatation of the ven- 
tricular system without shift. (B) Lat- 
eral pneumoencephalogram. There is 
mild dilatation of the ventricular system 
as noted in the anterior view, but with- 
out displacement. (C) Posterior pneumo- 
encephalogram. There is dilatation of 
the left lateral ventricle in the region of 
the trigone. There is lack of air in the 
subarachnoid spaces overlying the left 
hemisphere. The significance of this is 
questioned. 


to cerebral atrophy secondary to a long stand- 
ing process (Fig. 3, £, B and C). 

On the 23rd hospital day, it was decided to 
discontinue antibiotics for a trial period to 
determine whether discrete localization of infec- 
tion would become evident and allow more defin- 
itive surgical treatment. 

She remained well until the 33rd hospital day 
when her temperature rose to 101.8°F. while 
her peripheral white blood cell count and dif- 
ferential remained essentially unchanged. The 
electroencephalogram now revealed an in- 
creased focus of abnormality and the sonar 
encephalogram showed a 3.5 mm. shift of mid- 
line structures to the right. After antibiotics 





were reinstituted, her fever gradually fell to- 
wards normal. A repeat brain scan on the 47th 
hospital day showed uptake as before. 

A repeat pneumoencephalogram on the 57th 
hospital day now revealed downward displace- 
ment of the left occipital horn with a shift of 
midline structures to the right (Fig. 4, 7, B and 
C). This was thought to indicate that there was 
now a sizable mass lesion in the area of increased 
isotope uptake. At this time, repeat aspiration 
produced 40 ml. of purulent material from the 
area of previous negative tap. This contained 
Gram negative cocci on smear and cultured 
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Fic. 4. Case 1. (4) Posterior pneumoen- 
cephalogram made on the 57th hospital 
day. There is downward displacement of 
the occipital horn of the left lateral ven- 
tricle (arrow) and shift of midline struc- 
tures to the right of the midline. (B) An- 
terior view. There is displacement of the 
left lateral ventricle (arrow) and shift is 
noted beyond the midline. (C) Lateral 
pneumoencephalogram. The occipital 
horn of the lateral ventr cle is displaced 
downward (arrow). 


Streptococcus faecalis. One cc. of thorotrast was 
instilled into the cavity in order to outline it and 
follow healing®:®!3 (Fig. 5, 4, B and C). Subse- 
quent roentgenograms showed some re-accumu- 
lation and an additional 20 ml. of purulent ma- 
terial was aspirated. The lesion continued to 
diminish to about I cm. in diameter and it was 
decided thet surgical excision was not indicated. 
She hed an uneventful hosp:tal course and was 
discharged on the 88th hospital day on main- 
-enance antibiotics. At this time, her only posi- 
zive neurologic sign, that of right lower homony- 
mous quadrantanopsia, had diminished. 
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Fie 5. Case 1. (4) Anterior skull roent- 
genogram showing the abscess cavity 
outlined by thorotrast. (B) Lateral skull 
roentgenogram. Thorotrast outlines the 
extent of the abscess cavity after surgical 
aspiration. (C) Anterior skull roentgeno- 
gram made on the 75th hospital day 
snows the thorotrast collection to be ap- 
proximately I cm. in diameter. 
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Case 11. S.B., a white female child, was first 
seen at The Children’s Hospital Medical Center 
when she was 8 days of age because of cyanosis 
from the age of 2 days. Following evaluation, 
which included cardiac catheterization, a diag- 
nosis of transposition of the great vessels, with a 
small atrial shunt, was made. Therapy was 
directed to the creation of an atrial septal defect 
in order to increase the shunt. 

Following discharge, she was maintained on 
digoxin. Careful follow-up evaluation showed no 
signs of cardiac decompensation. 

Two weeks prior to her present admission 
when she was 4 years of age, she began to com- 
plain of intermittent frontal headaches and 
was said to have a “fever.” Vomiting and 
diminished activity were noted 4 days prior to 
admission. 

On admission, the vital signs were: blood 
pressure 112/68, pulse 88/min., respiration 3 
/min., and temperature 99.4°F. Positive indings 
on physical examination were: cyanosis and 
clubbing of the extremities; a 2+right ventricu- 
lar impulse; a thrill to palpation at -he left 
sternal border; St increased 2+ and maximum 
at the left sternal border; a Grade 11 systolic 
murmur at the left sternal border; and a Grade 
i diastolic murmur at the left lower sternal 
border which was transmitted to the upper left 
sternal border and the apex of the left lung. 
Neurologic examination was not remarkable. 

Laboratory findings were: white blood cell 
count of 9,050 with a differential of 83 per cent 
polymorphonuclears, 10 per cent ly saphoes tes, 
4 per cent monocytes and 3 per cent bands. The 
hematocrit was 74 per cent. 
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Lumbar puncture revealed an opening pres- 
sure of 250 mm. of water and a closing pressure 
of 190 mm. The Pandy test was 2+. Total pro- 
tein of the spinal fluid was 40 mg. per cent and 
the sugar was 53 mg. per cent. There were 330 
white dlood cells per high power field with a dif- 
ferential of 250 polymorphonuclears and 8o 
monocytes. Smear and culture of the spinal 
fluid were negative. 

The elec:roencephalogram was ‘“‘consistent 
with increased intracranial pressure.” In addi- 
tion, it showed a slow wave focus over the right 
mid-temporal area “consistent with a mass in 
this area.” 

An Hg!” brain scan revealed selective up- 
take in the right temporal lobe (Fig. 6, 4 and 
B): 

Penicillin (2 million units intravenously every 
2 hours) and chloramphenicol (250 mg. intra- 
venously every 6 hours) were prescribed. On 
the third hospital day, she developed a pro- 
tracted left-sided paralysis following a left- 
sided seizure. 

On the fourth hospital day, a brain cannula 
was introduced into the rigat temporal lobe 
through a burr hole and 10 ml. of purulent ma- 
terial was asDirated from what appeared to be a 
well encapsulated lesion, approximately 1.5 cm. 
deep to the dura. This cultured Hemophi/us 
perainfiuenzae. 

While on zhe operating table, she developed 
cardiac arrest and died. At cutopsy, approxi- 
mately 8 separate abscesses were seen to be 
scattered throughout the brain substance. Some 
of these wer2 as large in diameter as the one 
depicted by the brain scan. 
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Fıc. 6. Case 11. (4) Anterior scan. There is localized uptake in the right hemisphere (arrow). (B) Right 
lateral scan. The selective uptake of the isotope is located in the temporal lobe “arrows). 
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Fic. 7. Case 111. (4) Posterior scan made shortly after admission shows selective uptake of isotope lateralized 
to the left hemisphere (arrows). (B) Left lateral scan. The selective uptake is localized to the posterior 


parietal lobe (arrows). 


Case 1. G.S., a Negro male was first seen at 
The Children’s Hospital Medical Center at the 
age of 2} years, with a history of premature 
birth, cyanosis, clubbing of the extremities and 
poor growth. 

Evaluation at that time, which included car- 
diac catheterization, revealed transposition of 
the great vessels with pulmonic stenosis and a 
ventricular septal defect. 

Following discharge, he did well until 6 days 
prior to his current admission when at the age of 
32 years, he developed a right-sided motor 
seizure and “fever.” 

On this admission, physical examination re- 
vealed vital signs of: blood pressure 110/30, 
pulse 80/min., respiration 20/min., and temper- 
ature I100°F. Positive findings were limited to 
the cardiac system: there was a systolic pre- 
cordial thrill; the point of maximum impulse to 
palpation was in the mid-clavicular line; a 
Grade I1I-Iv continuous murmur was noted in 
the aortic area; a Grade mtv pansystolic pul- 
monic murmur was heard. 

The electroencephalogram revealed a left 
posterior delta focus. The sonar encephalogram 
showed a 1 mm. shift of midline structures to 
the right. 

An Hg!” chlormerodrin brain scan revealed 


localized uptake in the left posterior parietal 
lobe (Fig. 7, 4 and B). 


Antibiotic therapy with penicillin (400,000 
units every 6 hours) and chloramphenicol and 
dilantm, 3 times daily, was undertaken. 

On the 7th hospital day, a pneumoenceph- 
alogram showed mild dilatation of the left 
lateral ventricle with possibly some distortion 
in the region of the roof of the trigone, giving a 
double contour appearance. No definite shift of 
structures beyond the midline was noted (Fig. 
8). Spinal fluid examination, at this time, re- 
vealed a protein content of 13.8 mg. per cent 
and a sugar of $5 mg. per cent. There was one 
lymphocyte per high power field. Dynamics 
were within normal limits. 

Antibiotic therapy was continued until the 
16th hospital day, during which time his clinical 
condition was stable. On this day, all antibiotics 
were discontinued in an attempt to allow the 
process to become amenable to surgical man- 
agement. 

On the 2oth hospital day, he developed a 
right sided clonic seizure which involved the 
face, arm and leg. After this, he had a definite 
hemiparesis and hemianopsia. A repeat brain 
scan at this time again showed localized activity 
in the left parietal lobe posteriorly, perhaps 
somewhat better localized than on the previous 
examination (Fig. 9, 4 and B). 

A spinal puncture on the 21th hospital day 
revealed a protein content of 50 mg. per cent 
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and a sugar content of 47 mg. per cent. There 
were 60 polymorphonuclear cells per high power 
held. Repeat air study now disclosed a definite 
shift of midline structures to the right of the 
midline. There appeared to be a mass lesion 
which extended into the left lateral ventricle 
from the posterior parietal lobe (Fig. 10). 

Exploration was undertaken the following 
day; 20 ml. of purulent material was aspirated 
through a burr hole placed over the left pos- 
terior parietal lobe. Biopsy revealed glial tissue 
with some perivascular inflammatory reaction. 
Onecc. of thorotrast was instilled into the cavity 
(Fig. 11, Zand B). 

During his postoperative course, 2 additional 
aspirations of the abscess cavity were per- 
formed withremoval each time of approximately 
4 ml. of purulent material. Otherwise, his clini- 
lic. 8. Case 11. Posterior pneumoencephalogram. cal sali talciilaciates unremarkable and by the 29th 

Examination on the 7th hospital day shows dilata- hospital day his right homonymous hemianop-. 

tion of the left ventricular system without definite sia had cleared. He has remained asymptomatic 

shift of midline structures. subsequently and at 2 months, the thorotrast 








Fic. 9. Case ur. (4) Posterior scan made on the 20th hospital day. Once again, there is selective uptake lat- 
eralized to the left of the midline arrows. (B) Left lateral scan. The area localized in the posterior parietal 
lobe is somewhat better demarcated than on previous examination 13 days ago (arrow). 
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Fic. 12. Case 1v. (4) Anterior scan. There is selective localization of radioisotope to the right of the midline 
and superficially located in the cortex (arrow). (B) Right lateral scan. There is isotopic localization in the 
area of the posterior frontal lobe (arrow). 
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lic. 10. Case m1. Posterior pneumoencephalogram. 
Study performed 14 days after the original shows 
definite shift of midline structures to the right by a 
mass which extends into the left lateral ventricle, 
between it and the temporal horn. 


PORGI 


lic. 11. Case 1m. (4) Anteroposterior skull roent- 
genogram shows thorotrast outlining the abscess 
cavity after surgery. (B) Lateral skull roentgeno- 
gram. The extent of the abscess cavity is noted in 
the lateral view by contrast with thorotrast. 
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Fic. 13. Case 1v. (4) Posterior and (B) lateral carot- 
id arteriograms. There is slight displacement of 
the anterior cerebral artery to the left of the mid- 
line. In addition, the sylvian vessels may be dis- 
torted by a possible lesion in the right frontal lobe. 


stained tissue was a lesion that measured 
approximately 1 cm. in diameter, deep in the 
left parietal lobe. It was felt that surgical exci- 


sion was not indicated. 
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Case 1v. R.C., a white male, was first seen at 
The Children’s Hospital Medical Center when 
he was 6 years of age because of cyanosis and 
“squatting.” At that time, a diagnosis of 





Fic. 14. Case 1v. (4) Posterior and (B) anterior 
pneumoencephalograms made 14 days later reveal 
shift of midline structures to the left. In addition, 
there appears to be a mass in the right posterior 
frontal region. 
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tetralogy of Fallot was made and a left Blalock 
procedure was performed. 

Following this, he did well over the next 33 
years, until § days prior to his present admis- 
sion, when he developed occipital headaches and 
a feeling of lethargy. 

On admission, his vital signs were: blood 
pressure 96/30, pulse 56 and irregular, respira- 
tion 20/min., and temperature 98.4°F. Physical 
findings were limited to: cyanosis, clubbing of 
the extremities and to the cardiac system (a 
thrill at the left lower sternal border; a Grade 
nr injection systolic murmur in the third left 
intercostal space transmitted to the right inter- 
costal space; a Grade Iv continuous murmur 
under the left clavicle). 

Laboratory findings revealed a white blood 
cell count of 15,500 with a differential of 6 per 
cent polymorphonuclear cells, 22 per cent 
lymphocytes, 7 per cent monocytes, I per cent 
eosinophils and 3 per cent bands. The hemato- 
crit was 49 per cent. Lumbar puncture revealed 
normal dynamics and a total protein content of 
130 mg. per cent. There were 4 white blood cells 
per high power field. 

The electroencephalogram revealed a slow 
wave focus in the posterior frontal-anterior 
temporal lobe, consistent with a lesion in this 
area. The sonar encephalogram showed a 2-3 
mm. shift of midline structures to the left. 

An Hg!” brain scan showed localized uptake 
of isotope superficially in the right posterior 
frontal lobe (Fig. 12, 4 and B). 

He was placed on intravenous penicillin (2 
million units every 2 hours) and chlorampheni- 
col (400 mg. every 4 hours). 

On the 7th hospital day, a carotid arterio- 
gram demonstrated displacement of the anterior 
cerebral artery beyond the midline to the left 
and possible distortion of the sylvian vessels. A 
mass in the region of the posterior frontal lobe 
was considered possible (Fig. 13, and B), but it 
was felt unlikely that a well localized abscess 
was, as yet, present. 

His clinical condition remained unchanged on 
antibiotics and on the 31st hospital day pneu- 
moencephalography was performed. This re- 
vealed a definite shift of midline structures to 
the left, more pronounced anteriorly. The 
findings were interpreted as consistent with a 
space occupying mass in the right posterior 
frontal region (Fig. 14, 4 and B). Aspiration 
through a burr hole revealed 35 ml. of purulent 
material. 

His postoperative course was uneventful. Re- 
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FIG. 15. Case 1v. (4) Anterior and (B) posterior air 
studies performed on the 54th hospital day show 
less distortion of the ventricular system. 


peat attempted aspirations obtained no addi- 
tional purulent material. On the 54th hospital 
day, a repeat air study showed marked improve- 
ment with minimal shift of midline structures to 
the left end less distortion of the right ventricu- 
lar system (Fig. 15, 4 and B). He was then dis- 
charged on antibiotic therapy. 


DISCUSSION 


The frequent occurrence of brain abscess 
In patients with congenital cyanotic heart 
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disease has been described.?}*5.2.%.2 Earlier 
clinical experience from this hospital has 
been presented in detail.’ 

Three possible interpretations of the 
etiology have been discussed :!:8.1213,21 


1. Infected emboli are carried across the 
septal defect and directly into the intra- 
cranial circulation. 

2. During a transient episode of bac- 
teremia, there may be secondary infection 
of cerebral thrombi which are frequently 
present in these patients with polycythemia 
and decreased cerebral blood flow. 

3. There may be infarction of cerebral 
tissué due to anoxia rather than vascular 
occlusion; such an area may be susceptible 


to transient bacteremia with minor infec- 


tion and a brain abscess may result. 


In all of these patients there is a right to 
left shunt which allows venous blood re- 
turning to the heart to enter the cerebral 
circulation again without previously going 
through the pulmonary circulation. 

The typical clinical history, in this asso- 
ciation, begins in a patient invariably more 
than 2 vears of age with cyanotic congenital 
heart diease. The acute episode may begin 
with a minor febrile illness,'? but most often 
no etiologic factor can be demonstrated. 818.21 
Seven to Io days later, the patient may de- 
velop headache, vomiting and personality 
changes. There may be focal neurologic 
changes and convulsions. Fever may or may 
not be present. 

On laboratory examination, there may 
be leukocytosis in the peripheral blood but 
an increased polymorphonuclear cell count 
may not be noted. Polycythemia in such 
patients with elevation of the hematocrit 
and hemoglobin is usual. Lumbar puncture 
usually shows an increased cerebrospinal 
fluid protein content, the sugar content is 
normal, and the cell count may or may not 
be increased. Positive blood cultures are 
often not obtained.’ Indeed, under anti- 
biotic therapy, at least 25 per cent of cases 
will have sterile cultures on aspiration of 
the abscess cavity.®! 

Notoriously, these abscesses have been 
subtle in origin, difficult to prove in the 
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early phases and accompanied. by a high 
morbidity and mortality because of delay 
in recognition and proper. treatment. 

In a review of the literature concerned 
with the radioisotope brain scan, several 
authors have noted their limited experience 
in patients with brain abscess, 24101417 De- 
scription of the clinical situations fs not 
given in these cases. In one paper, it is 
mentioned that 2 patients with a positive 
brain scan also had positive studies by 
cerebral arteriography, but the time se- 
quence between these studies is not given. 

In our own recent limited experience, 
certain features of special interest seemed 
worth presenting, possibly to improve the 
frequency of early detection and better 
management of these difficult lesions. These 
features are perhaps best illustrated by 
Case 1. One notes that certain physiologic 
tests such as the electroencephalogram and 
the radioisotope brain scan may show defi- 
nite abnormality before such anatomic 
studies as the cerebral pneumoencephalo- 
gram and arteriogram. That is, investigative 
procedures which detect an abnormality of 
function in a given area of brain may be - 
positive considerably earlier than those 
which show only an abnormality of struc- 
ture, f.e., the presence of a mass. Thus, in 
Case 1, the physiologic tests were abnormal 
possibly at a time of “‘cerebritis” and before 
actual liquefaction of tissue occurred with 
resultant formation of an abscess cavity. 
Three weeks later, as the brain scan re- 
mained definitely positive, air study be- 
came positive and an abscess cavity was 
found at surgery. The same time relation- 
ships between positive physiologic tests 
(i.e. electroencephalogram and isotope 
scan) and the anatomic roentgenographic 
procedures (f.e. air study and cerebral 
arteriogram) in the early and late stages of 
the patient’s course were also noted in 
Case nı and perhaps also in Case tv to a 
lesser degree. 

One might compare this situation with 
the experience of others in the case of en- 
cephalomalacia.™ 1.15.19, With cerebral 
infarction, the isotope scan is positive 
within the first few weeks but later reverts to 
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normal, while the arteriograms may remain 
within normal limits at all times through- 
out the clinical course. Such a situation is 
said to differentiate a solid tumor, where 
the brain scan would be just as positive in a 
late as an earlier phase, from the condition 
of encephalomalacia. 

In both, the instance of cerebritis and of 
encephalomalacia, the initially positive 
brain scan points to a breakdown of the 
normal blood-brain barrier. Later, as the 
cerebritis becomes more “localized”? with 
formation of an actual abscess cavity, a 
localized lesion or “mass” can be demon- 
strated unequivocally by an air study, 
whereas with encephalomalacia no mass de- 
velops, and one would expect complete res- 
olution by all studies. If a true cerebritis 
without resultant abscess formation could 
be encountered, one would expect the se- 
quence not to be unlike that of encephalo- 
malacia. Although a brain abscess in the 
cyanotic heart disease patients under dis- 
cussion is usually solitary,® multiple ab- 
scesses were found at autopsy in Case m. 
Only one abscess was noted bv the radio- 
isotope scan and electroencephalogram. We 
would agree, therefore, with the experience 
of others?" that the brain scan may not be 
completely reliable, although there has not 
been a study in a large number of patients 
to evaluate this accurately. However, we 
feel that in the patient with cyanotic con- 
genital heart disease, who may be suspected 
of having a brain abscess, the radioisotope 
scan is a relatively simple and safe method 
which can be used as a screening procedure. 
It may localize the lesion well before the 
more involved roentgenographic contrast 
examinations and at a time when clinical 
examination is not definitive. With an iso- 
tope of even lower radiation dosage than 
we have used, such as Tc®™ multiple serial 
scanning may prove even more profitable 
in evaluating spread or localization of the 
process from cerebritis to abscess forma- 
tion, 16H 

| SUMMARY 

Four children with cyanotic congenital 
heart disease, who were studied for the com- 
plication of brain abscess, are described. 
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An earlier stage of “cerebritis’” is com- 
pared to the later stage of localized sup- 
puration in relation to the finding of 2 types 
of radiographic procedures: the isotope 
brain scan as a test of function and air en- 
cephalography or arteriography as a test of 
structural alteration. 

The importance of these studies in plan- 
ning tre clinical management of these pa- 
tients is discussed. It is noted that an 
initially positive brain scan may occur at a 
time when the lesion is not vet suitable to 
surgical drainage. It appears that such 
drainage had best be delayed until the test 
of structure, the contrast roentgenog ‘aphic 
procedures, also indicate a localized mass 
lesion. 
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ROENTGENOGRAPHIC MANIFESTATIONS OF 
COMPLICATIONS SECONDARY TO 
CEREBRAL VENTRICULAR- 
CARDIAC ATRIAL SHUNTS 


By WILLIAM N. COHEN, M.D. 


IOWA CITY, IOWA 


HE most favorably regarded treat- 

ment for infantile hydrocephalus is 
presently considered to be the establish- 
ment of a shunt from the cerebral lateral 
ventricle to the cardiac right atrium, in- 
corporating a unidirectional valve mech- 
anism.®! As of 1960 an estimated 5,000 
valves had been inserted.” A more recent 
report indicated $50 patients treated in 
one institution. 

The concept of decompressing hydro- 
cephalus with a shunt into the vascular 
bed was first suggested by Gartner at the 
National Science Convention of 1895 in 
Lubeck. Subsequently, in 1908 Payre re- 
ported 3 cases in which he anastomosed 
the lateral ventricle to the longitudinal 
sinus with an autogenous vein graft. The 
following year McClure!’ described a shunt 
from the dura to the external jugular vein. 
These and other early vascular shunt pro- 
cedures have been well reviewed.” In 
general, the results were poor due to oc- 
clusion by collapse or clotting of blood. 

In a controlled experimental evaluation, 
Ingraham ef a/." utilized dogs in which they 
had induced obstructive hydrocephalus. 
While the animals were under anesthesia, 
the pressure gradient was favorable for the 
flow of cerebrospinal fluid to the venous 
system, even after the initial high intra- 
cerebral pressure had been reduced. How- 
ever, in the awake and active dog, the 
episodic strain of excitement and coughing 
was found to raise the venous pressure suffi- 
ciently to cause backflow of blood into the 
system which would then clot. They con- 
cluded that ventriculo-venous shunts would 
fail unless an “extremely sensitive but 


completely competent artificial valve” 


could be interposed into the system to 
allow only unidirectional flow, 

This was accomplished by Nulsen and 
Spitz” by the use of a double stainless steel 
ball valve device. Their report in 1951 de- 
scribed a patient having such a valve in 
place for 2} years with the ventricular 
pressure normal and the system function- 
ing. The valve mechanism itself was located 
subcutaneously over the mastoid with the 
catheters attached to either end. Pudenz 
and co-workers” subsequently developed a 
valve which was incorporated into the end 
of the tubing and bathed in the blood of the 
right atrium. 

The currently available Spitz-Holter 
valve, used since 1956, is a modification of 
the Nulsen-Spitz variety with a double 
fishmouth valve mechanism. The unit is 
cylindrical, measuring § cm. in length and 
0.6 cm, in diameter. The catheters are com- 
posed of siliconized rubber impregnated 
with © per cent barium sulfate to allow 
roentgenographic visualization (Fig. 1), 

The inherent advantages of ventriculo- 
atrial shunts include the following: (1) the 
same procedure may apply to obstructive 
or communicating hydrocephalus; (2) cere- 
brospinal fluid is retained; (3) a normal 
organ is not sacrificed (as opposed to 
nephrectomy for uretero-arachnoid anas- 
tomoses) ;'" (4) the system is closed, obviat- 
ing the risk of ascending infection; and (5) 
the operative procedure is relatively simple. 

These shunts should not be instituted in 
the presence of central nervous system in- 
fection, residual intraventricular air from 
previous ventriculography or pneumoen- 
cephalography, or when the cardiac status 
is such that the right atrial pressure is 
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‘ic. 1. Towne projection. A Spitz-Holter valve is 
present on the right. The intraventricular catheter 
is well positioned within the right lateral ventri- 
cle. 


elevated to a degree which will not allow 
effective decompression of the cerebral 
ventricles (Spitz-Holter valves are designed 
to open at either 10 or 50 mm. of water 
pressure). 

The currently available valves may be 
tested percutaneously by direct pressure on 
the valve device itself (Spitz-Holter), or an 
accessory pump (Pudenz-Heyer). The car- 
diac tips should be placed within the right 
atrium or at the junction of the right 
atrium and the superior vena cava. Place- 
ment within the superior vena cava or Jugu- 
lar vein will frequently lead to occlusion by 
fibrinous deposits." 


ROENTGENOLOGIC ASPECTS 
CATHETER POSITION 
Preliminary chest roentgenograms In- 


cluding the neck and lateral skull are ob- 
tained to estimate the length of catheter 
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needed. This should then be verified at the 
time of surgery by a repeat roentgenogram 
or with image intensification equipment. 
Electrocardiographic monitoring has also 
been used to establish the position of the 
cardiac catheter tip.” 


COMPLICATIONS 

Surgical revision or replacement 1s neces- 
sary in approximately 20-25 per cent of the 
cases.!®2% The main indications are sepsis, 
thromboemboli, body growth, and malfunc- 
tion. 

1. Sepsis and Thromboembolt. 
occurs at a rate estimated at 15-20 per cent 
and is responsible for the majority of early 
deaths.?? A syndrome of pyrexia, spleno- 
megaly, and progressive anemia with posi- 
tive blood cultures may develop suba- 
cutely. This is a manifestation of coloniza- 
tion of the valve by organisms of relatively 
low virulence.’ 

Thromboemboli are frequently associated 
with sepsis, and are present in a distress- 
ingly high incidence of all cases examined 
pathologically. Friedman eż a/.$ reviewed 
the findings of 65 patients who died with 
ventriculovascular shunts. Various throm- 
boembolic phenomena were observed in §7 


Sepsis 





ic. 2. This 3 year old male developed intractable 
congestive failure several months after a shunt 
revision. Multiple thromboemboli were present 
within the lungs at the time of postmortem 
examination. Cardiomegaly, small right pleural 
effusion, and evidence of pulmonary hypertension 
may be noted on this chest roentgenogram. 
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per cent. This was nearly twice the fre- 
quency found in a group of controls, con- 
sisting of patients who died with hydro- 
cephalus but did not have shunt procedures 
as their therapy. In another autopsy series,’ 
all 15 patients had a sleeve of fibrinous ma- 
terial surrounding the catheter in the jugu- 
lar area, which in some instances extended 
into the right atrium. Emboli or thrombi 
were present in the pulmonary circulation 
of 14 of the cases. In 2 instances, massive 
emboli were felt to be the immediate cause 
of death. Atrial mural thrombi were also 
identified, and have been detected angio- 
cardiographically as well as pathologi- 
cally.27:28 They may alter the function of 
the tricuspid valve, embolize, or colonize to 
form a bacterial endocarditis. 

Cor pulmonale, both acute and chronic, 
has been reported in postshunt patients by 
Noonan and Ehmke.?° They feel that the 
majority of those dying with acute sepsis 
have septic emboli and terminal acute cor 
pulmonale (Fig. 2). 

2. Growth. Body growth itself may 
necessitate revision because of proximal 
retraction of the cardiac catheter into the 
superior vena cava or internal jugular vein, 
where occlusion by thrombosis 1s probable. 
The average growth of a child from the 
mastoid tip of the xiphoid averages only 6 
cm. during the first 5 years of life.” There- 
fore, if some allowance is made in place- 
ment within the right atrial chamber, these 
revisions need not be done frequently. 

The original hope—largely based on Lau- 
rence’s report of 45.5 per cent spontaneous 
arrests in untreated patients—that arrest 
of the underlying hydrocephalus would 
frequently obviate the need for revision 
has not as yet been realized. Some feel that 
the presence of the shunt may remove a 
stimulus for development of compensatory 
pathwavs of cerebrospinal fluid absorption, 
and that functioning shunts will be neces- 
sary throughout the entire life of the pa- 
tient. / 

3. Malfunction of Valve Mechanism. Oc- 
clusion of the system may occur as a result 
of thrombus formation, brain tissue plug, 
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Fıc. 3. This 1 year old male has had multiple revis- 
ions of his shunt, including the placement of a 
second Spitz-Holter valve on the left. This chest 
roemtgenogram demonstrates the tip of the cardiac 
catheter from the left-sided valve in the region of 
the left innominate vein. In the lower cervical 
region it is more medial than the internal jugular 
vein, entering the left innominate vein through a 
parallel channel. The catheter from the right-sided 
valve has migrated through the left innominate 
vein to the left subclavian. (Catheters retouched 
to enhance visualization.) 


and separation or failure of the component 
parts of the mechanism. If the location is 
proper and the continuity maintained, the 
main reentgenographic evidence of occlu- 
sion is that of increasing intracranial pres- 
sure. Pseudocysts containing cerebrospinal 
fluid also develop about the valve and tube 
tracts, secondary to obstruction or leakage 
trom connecting points. 

The cardiac catheter may be misplaced 
or migrate into an undesired vessel such as 
the subclavian, innominate, or jugular 
veins (Fig. 3). It may completely separate 
and lodge in the pulmonary arteries,® or 
right cardiac chambers (Fig. 4). This has 
been demonstrated angiocardiographi- 
cally,’ but should be discernible on good 
quality plain roentgenograms when radio- 
paque catheters are used."° 

There have been reports of perforation of 
the right atrium®?® and even the right ven- 





Fic. 4. A Pudenz-Heyer tube with adherent fibrinous 
material had separated and lodged predominantly 
in the right atrium. It was surgically removed. 


tricle?’?’ by the cardiac catheter tip. Peri- 
cardial effusion and cardiac tamponade have 
resulted. Additional complications may re- 
sult from rapid decompression of a particu- 
larly large hydrocephalus. These include 
the development of subdural hematomata 
secondary to tearing of bridging veins, epi- 
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dural bleeding, and circulatory overload 
with congestive failure. In 1 instance 
craniosynostosis occurred after the parietal 
bones approximated.” 

The following case illustrates another 
unusual complication. 


ILLUSTRATIVE CASE 


R.B., a male infant, had a Holter valve in- 
serted at 24 months of age. This functioned 
satisfactorily for the succeeding 74 months, at 
which time considerable interstitial fluid ac- 
cumulated in the upper cervical region and the 
cardiac tube had retracted, necessitating a re- 
vision. 

This was accomplished by interposing an 
extension tube between the valve and cardiac 
catheter tc restore its length. On the fifth 
postoperative day, the patient developed a 
pleura! effusion and right upper lobe atelectasis 
(Fig. 54). He was afebrile and had a normal 
white blood cell count. Because of the possibil- 
ity that this effusion might represent cerebro- 
spinal fluid, a thoracentesis was performed 1 
hour after the intraventricular instillation of 
1.5 cc. of indigo carmine and manual pumping 
of the valve mechanism. The pleural fluid was 
initially clear, then became blood tinged; but 
no dye was identified. Subsequently, the fluid 





Fic. $. (4) Right upper lobe atelectasis and a right pleural effusion are apparent. The cardiac catheter as 
visualized on this chest roentgenogram is in the desired posizion. (B) A chest roentgenogram obtained 
2 months later demonstrates a massive right pleural effusion with displacement of the mediastinal 
structures toward the left. (Catheter retouched to enhance visualization. ) 
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and atelectasis seemed to be resolving and the 
patient was discharged. 

He returned 2 months later with a history of 
progressive dyspnea leading to cyanosis. A 
massive right pleural effusion with displace- 
ment of the mediastinal structures toward the 
left was apparent on the chest roentgenogram 
obtained at that time (Fig. 5B). The cardiac 
catheter was likewise displaced. Again, a thora- 
centesis was performed following instillation of 
indigo carmine via a ventricular puncture, At 
this time, blue tinged fluid was obtained from 
the pleural cavity, demonstrating a communica- 
tion. An operative procedure was done in which 
the cardiac catheter was withdrawn and a ven- 
triculo-peritoneal shunt established, 


Comment. Ventriculo-pleural shunts had 
been performed in the past, but abandoned 
because of the necessity of repeated surgical 
procedures.” Ingraham ez al}? however, 
demonstrated that dogs are able to absorb 
normal saline through the pleural surface. 
In this patient the reason for increasing 
accumulation is not known. It may have 
been related to the presence of blood in the 
pleural cavity noted at the time of the 
initial thoracentesis. 


SUMMARY AND CONCLUSION 


The roentgenographic evaluation of post- 
operative ventriculo-atrial shunt patients 
should include examinations of the skull, 
neck, and chest. Comparison with previous 
roentgenograms is necessary for early de- 
tection of complications and to assess the 
effect of growth. Specifically, the following 
are recommended: 

1. Identify the valve mechanism and 
catheters, and ascertain their position and 
continuity, 

2. Note evidence of increasing intra- 
cranial pressure. 

3. Think of thromboemboli and care- 
fully scrutinize the chest roentgenogram for 
signs of pulmonary hypertension, pulmon- 
ary infarction, and congestive failure. 

4. Utilize angiocardiography when neces- 
sary to confirm the presence of mural 
thrombi, pulmonary vascular changes, and 
pericardial effusion. 
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ROENTGENOLOGIC FINDINGS IN SYRINGOMYELIA 
AND HYDROMYELIA* 


By DONALD L. McRAE, M.D., and JAMES STANDEN, M.D. 


MONTREAL, QUEBEC 


HE term syringomyelia may be used 
in two senses. It may be used to de- 
scribe a clinical syndrome characterized by 
atrophy in the upper extremities, spasticity 
of the lower extremities, dissociated or 
“suspended” sensory deficit and scoliosis. 
It may also be used to describe a pathologic 
condition characterized by gliosis and longi- 
tudinal cavitation of the spinal cord. The 
term hydromyelia refers to a condition in 
which some or all of the central canal of the 
spinal cord is expanded by fluid and may 
communicate with the 4th ventricle at the 
obex. There is some confusion about the 
words syringomyelia and hydromyelia. 
Some authors use the word svringomyelia 
for both conditions. Others use the word 
hydromvelia for a large svringomyelic 
cavity. In any case, it 1s usually impossible 
to determine before autopsy whether or not 
a fluid filled cavity in the spinal cord is the 
enlarged central canal. 
In hydromyelia the spinal cord is usually 
a large thin-walled tube filled with fluid, the 
fluid usually being clear and of low protein 
content. Occasionally, the spinal cord is of 
average size. Under certain conditions, it 
may appear to be small. Hydromyelia rep- 
resents persistence of the normal fetal con- 
dition in which the 4th ventricle communi- 
cates with the central canal of the neural 
tube. Sometimes, only part of the central 
canal is enlarged. It is likely that hydro- 
myelia itself gives rise to few or no symp- 
toms, any symptoms or signs being due to 
accompanying anomalies such as Arnold- 
Chiari malformation, hydrocephalus, etc. 
In syringomyelia, the appearance of the 
spinal cord varies. If the svringomyelic 
cavities are microscopic, the spinal cord 1s 
usually small or average in size. If the 
syringomyelic cavity or cavities are large, 


the spinal cord may be large. This enlarge- 
ment can be either fusiform or tubular, 
depending on the length of the svringomyelic 
cavity or cavities. 

The spinal cord is probably distended 
with fluid in childhood in most cases of 
syringomyelia and hydromyelia. However, 
in some adults the spinal cord is found to be 
small. This must be due to absorption of 
fluid from the cavity in some cases and due 
to communication with the 4th ventricle or 
subarachnoid space in other cases. 

Svringomvelia may be primary or sec- 
ondary. Primary syringomyelia is a disease 
of unknown etiology occurring usually in 
young adults. The condition is probably 
less common than has been thought in the 
past. Certain cases considered to be child- 
hood svringomyelia were almost surely ex- 
amples of hereditary neuropathy* and 
others may have been cases of diastemato- 
myeha. The term syringomyelia has been 
used in the past to describe cavities in the 
spinal cord secondary to a great variety of 
diseases. The use of the word syringomyelia 
in such cases does not help us to under- 
stand the pathologic processes or the clini- 
cal course of the disease. It may even tend 
to obscure the true nature of the cavities in 
the cord or the symptom complex. We hope 
that the term svringomyelia will be used 
less and less and that terms such as post- 
traumatic gliosis and cavitation of the 
spinal cord will be used more and more. 

Lesions that may produce secondary 
svringomvelia or which may be found in 
patients with svringomyelic-like syndromes 
can be grouped as follows: 

Developmental: 

Dvsraphism, presumably with ependymal 

rests in the cord 

Bone anomalies at the foramen magnum 


* Presented at the Second Annual Meeting of The American Society of Neuroradiology, Atlantic City, June 11, 1965. 
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Anomalies of the upper cervical vertebrae 
Anomalies of other vertebrae, including di- 
astematomyelia 
Arnold-Chiari malformation 
Traumatic: 
Intramedullary hematoma 
Vascular: 
Infarction of the cord 
Angioma of the spinal cord 
Inflammatory: 
Virus myelitis 
Bacterial meningitis and myelitis 
Neoplastic: 
Glioma with cyst formation 
Degenerative: 
Cervical spondylosis 


The roentgenologic findings depend on 
the type of lesion in the cord as well as the 
etiology. Ordinary spine roentgenograms 
may show: 
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Large spinal canal: 

Upper cervical region 

Cervical and/or thoracic region 
Bone anomaly: 

Foramen magnum 

Upper cervical vertebrae 

Other vertebrae 
Old fracture or fracture dislocation 
Old osteomyelitis or tuberculosis 
Cervical spandylosis 
Scoliosis or kyphoscoliosis 


Gas and/or oil myelograms may show 
one or more of the following findings in the 
same patient: 


Large spinal cord 

Small spinal cord 
Collapsing spinal cord 
Subarachnoid adhesions 
Arnold-Chiari malformation 





lic. 1. (4 and B) M. G., female, aged 41 years, showing increased width and depth of the cervical spinal 
canal. She had had dull aching pain along the lateral surface of the right arm for 10 or 12 years with some 
weakness and stiffness of the right hand, mainly involving the fourth and fifth fingers. She had moderate to 
marked dorsal kyphosis but no scoliosis. There was loss of stereognosis of the right third, fourth and fifth 
fingers, diminished temperature sensitivity in the right forearm, diminished touch sensitivity in the right 
ring finger and slight smallness of the right forearm but no noticeable atrophy of the right hand. The biceps 
reflexes were absent in both arms but otherwise the deep tendon reflexes were normal. At operation, a large 
fluid-filled cervical cord was found from which 3 cc. of slightly yellow high-protein fluid was withdrawn. 
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SPINAL CANAL IN SYRINGOMYELIA AND HYDROMYELIA 


READER ep RAEE E ee Tee ESEE sees aed o pernaan hind S AEE FIAS fgets eet ASA E a a Ey aye ee ee a anA ARE EAE ER a Sins raaa a ROELA ria Aes EAA: 
Transverse | Anteroposterior | Both 
hee ne | 
Diameter | Diameter | Increased 
Normal ic” r" | 
Proved (20 cases) Borderline | s | 2 a 
Definite | 4 | 6 | 
sain EIRETADA EEE E A ALE oar eR aah ath cae sie cae ol K | a sti Beha athens hei ea alse ES | : ga ie | = 
Normal ay 2b" 
= TE , | p 
Unproved (33 cases) | Borderline i 5 * ; O 
| Definite | 4 | 
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* One patient had no cervical spine studies, 


The case records of the Montreal Neuro- 
logical Institute from June, 1934 to Decem- 
ber 31, 1964 were searched and §5 patients 
were found in whom the diagnosis of syrin- 
gomyelia had been made. Study of the case 
records showed that in 20 of the 55 there 
was surgical and/or postmortem confirma- 
tion of the diagnosis. In 2 patients, post- 
mortem examination disproved the diagno- 
sis. None of the remaining 33 was operated 
on nor was autopsy carried out. 


ROENTGENOLOGIC FINDINGS 


The cervical spinal canal was often large 
in syringomyelia and hydromyelia (Fig. 1, 
A and B). In some cases it was the antero- 
posterior diameter which was increased, in 
other cases it was the transverse diameter, 
while in still others both diameters were in- 
creased. The transverse diameter of the 
spinal canal was measured and compared 
with Dyke and Elsberg’s table.” The 
anteroposterior diameter of the cervical 
spinal canal was measured and compared 
with Burrows’ table! and/or Hinck’s table.’ 
Ten of our 20 proven cases of syringomyelia 
and hydromyelia had enlargement of the 
cervical spinal canal in either antero- 
posterior or transverse diameter and in 7 
both diameters were increased (Table 1). In 
7, the enlargement was moderate or marked 
and in 3 it was slight. The walls of the spinal 
canal were not decalcified, indicating that 
the enlargement had been present for life or 
else had occurred very slowly. Three of the 


ro cases had slightly larger thoracic spinal 
canals, mainly in the upper thoracic region. 

Before roentgenograms of the head or 
neck were made, the clinical diagnosis of 
syringomyelia was often suggested in pa- 
tients who had bone anomalies at the 
cranio-vertebral junction.’ Operation and/ 
or postmortem examination disclosed syrin- 
gomyelia and/or hydromyelia in less than 
half of such cases, however. In most pa- 
tients with symptom-producing occipital- 
zation of the atlas or atlanto-axial disloca- 
tion, there was localized atrophy of the 
upper part of the spinal cord at the level of 
the odontoid process. Below this level, the 
spinal cord was often normal in appear- 
ance. In a few cases it was found to be small 
but it was impossible to say, except at 
autopsy, whether this was simple atrophy 
of the spinal cord or whether it repre- 
sented syringomvelia or hydromyelia. Bone 
anomalies in the occipito-cervical region 
were present in 4 of our 20 proven cases of 
syringomyelia and hydromyelia. When the 
bone anomaly was accompanied by a true 
Arnold-Chiari malformation, there was apt 
to be hydromyelia (Fig. 2). 

Other types of bone anomalies of the 
spine were rare in our series, although they 
were rather common in Gardner’s’ series. 
Diastematomyelia produces neurologic syn- 
dromes sometimes diagnosed as thoracic or 
lumbar syringomyelia before roentgeno- 
logic examination is carried out. In such 
cases, the spinal cord changes should prob- 
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Fic. 2. P. O., male, aged 22 years, with occipitaliza- 
tion of the atlas and an Arnold-Chiari malforma- 
tion (x). The upper cervical cord is seen to be small 
on the gas myelogram (arrows). 
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ably not be called syringomyelia and, in 
fact, at autopsy syringomyelic changes are 
rarely present. 

Evidence of old fracture or fracture dis- 
location of the cervical spine was seen in 1 
of our 20 proven cases (Fig. 3, 7 and B). 

None of our proven cases showed evidence 
of old spinal osteomyelitis or tuberculosis, 
but such cases have been reported and we 
have recently seen one. This patient had 
had thoracic Pott’s disease. Some years 
later slowly progressive paraplegia devel- 








Fic. 3. (4 and B) P. L., male, aged 11 years, with a large triangular cyst in the cervical spinal cord filled with 
air. At the age of 4 years, he was said to have had a fracture-dislocation of the cervical spine which had to 
be reduced surgically. 
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BONE CHANGES IN SYRINGOMYELIA AND HYDROMYELIA 
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l l Proved Unproved Disproved 
Gradation nnd 
(20 cases) (33 cases) (2 cases) 
Bone anomaly about foramen magnum 4/19* 4/32" 0/2 
Bome abnormality of cervical or thoracic spine 4/19* a 0/2 
Entargement of cervical and/or thoracic spinal | Borderline 3 4 | O 
canal Definite 7 5 O 
Total 10/ T9* 9/327 | 0/2 
Slight 5 14 O 
Cervical and/or thoracic scoliosis Definite 12 1S O 
f | 
P pa | m 
Potal | 17/20 29/32* é| 0/2 


* One patient had no cervical spine studies. 


oped and there was a curious asymmetric 
sensory loss. The myelogram showed arach- 
noiditis at the level of the old bone disease. 
Operation disclosed intra- and extradural 
adhesions and a soft fluctuant spinal cord 
below the level of the arachnoiditis. Yellow 
high protein fluid was aspirated from the 
cord here. 

Cervical spondylosis is so common in 
middle aged and elderly patients that it is 
difficult to assess its neurologic significance. 
In the past, some patients with cervical 
myelopathy secondary to cervical spondy- 
losis (discogenetic disease) were considered 
as having syringomyelia. However, the 
spinal cord in these patients rarely shows 
cavitation and if such were found the asso- 
ciation might be a chance one. 

Scoliosis or kyphoscoliosis, either cervical 
or thoracic, was present in 17 of our 20 
proven cases. It is one of the classic signs of 
syringomyelia and probably is due to im- 
balance of muscle tone in the right and left 
erector spinae muscles. Muscle imbalance 
is probably the cause of the increased cer- 
vical lordosis frequently noted. 

The bone abnormalities found in our 
cases are summarized in Table 11. 

The myelographic findings were variable 
since the fluid-filled spinal cord varied in 





size with the position of the patient, with 
the presence or absence of communication 
between the cavity and the 4th ventricle or 
subarachnoid space and with the presence 
or absence of fluid around the cord. When 





hic. 4. M. H., male, aged 46 years. Gas myelogram 
with the patient erect showing a small cervical 
spinal cord shadow. (Reproduced with permission 
from Rad-:ol. Clin. N. America, 1966, 4, 145, W. B. 
Saunders Co., Publishers, Philadelphia, Pa.) 
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Fic. 5. (4, B and C) Same patient as in Figure 4. Oil myelograms with the patient prone and the roentgeno- 
graphic table horizontal showing a large cervical spinal cord shadow. (Reproduced with permission from 
Radiol. Clin, N. America, 1966, 4, 146, W. B. Saunders Co., Publishers, Philadelphia, Pa.) 


the patient was upright and the supporting 
cerebrospinal fluid was removed, as in gas 
myelography, the fluid inside the spinal 





cord tended to run downwards (Fig. 4). 
The upper part of the saccular cord then 
collapsed and was seen as a small cervical 
cord shadow on the gas myelogram. When 
the patient was horizontal (Fig. 5, 4, B and 
C), the fluid in the cord ran back up into 
the cervical cord, causing an enlarged cer- 
vical cord shadow on the oil myelogram. If 
the cavity in the cord was long, the fluid in 
the cervical cord passed into the thoracic 
cord when the patient was upright, causing 
a small cervical cord shadow throughout its 
full length (Fig. 6). If the cavity in the cord 
was short and the patient erect for the gas 
myelogram, the upper part of the cord 
appeared small while the lower part 
appeared large (Fig. 7). None of our cases 
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Fic. 6. D. B., male, aged 30 years, complaining of 
progressive weakness and stiffness of the right 
hand for 2 years. There had also been numbness 
and tingling of the left hand for 6 months. The gas 
myelogram with the patient erect shows a small 
spinal cord, down to C 6 at least. 
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Fic. 7. M. P. C., female, aged 30 years, complaining 
of right ptosis and diplopia with pain in the right 
arm and chest for the past 8 years. There was 
diminished sensation in the right arm and right 
thorax. The gas myelogram with the patient erect 
shows a small spinal cord, down to the C1-C2 
level. Below this, the cord enlarges somewhat down 
to the subarachnoid fluid level at the lamina of C2. 


had manometric block or myelographic 
block. The cord shadow sometimes appeared 
large, vet operation showed it to be small. 
At other times, the cord shadow was small, 
vet operation revealed a large cord. This 
could be due to myelography being done in 
a different position than operation. It 
could be due to the dentate ligaments keep- 
ing the cord more or less normal in width 
but not keeping it from collapsing from 
front to back (Fig. 8, Z and B; and 9, 4 
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FIG. 8. 
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and B). Possibly, the pressure of heavy 
iodized oils can flatten a very thin fluid- 
hlled spinal cord, The myelographic find- 
ings are summarized in Table m1, 

Tables 1, 11 and 111 require some explana- 





(4 and B) G. B., male, aged 37 years, with weakness and atrophy of the arms for approximately & 
years, along with some weakness and spasticity of the legs Ther 


e was a dissociated sensory loss extending 


from C2 to C8. The lateral cervical roentgenogram shows a large spinal canal and the erect lateral gas 
myelogram (tomogram) shows a thin ribbon-like cervical cord (arrows). 
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liG. 9. (4 and B) Same patient as in Figure 8, Æ and B. Oil myelograms on the same date showing a thin rib 
at the C1, C2 and C3 
levels with the patient erect. The upper cervical cord was found to be a thin walled tube, distended and 
with fluid filling the spinal canal completely. The cause of the discrepancy was not obvious. The fourth 
ventricle was not completely visualized but no fluid came out of the floor of the fourth ventricle u hen the 
spinal cord was milked upwards; therefore, we assume that the obex was closed. 


bon-like spinal cord. Laminectomy was performed 1 


tion. The small number of cases showing 


bone anomalies at the foramen magnum, 
atlas and axis is due to the fact that in re- 
cent years we have not used the diagnosis 
“syringomyelia” in such cases. We index 
them under the name of the bone anomaly 
and add the notation “with secondary cavi- 


days after myelography 


tation of the spinal cord.” The small num- 
ber of cases having both oil and gas myelog- 
raphies is due to the fact that we have 
been carrying out both tvpes of myelog- 
raphy on the same patient for only about 1 
vear. Previous to that time, we did either 
air or oil myvelographies but not both. 


TABLE Ill 


MYELOGRAMS IN SYRINGOMYELIA AND HYDROMYELIA 


| 
| 
| 
| 
| 


| Borderline 


Cord enlarged at oil myelography 


Cord small at air myelography 


Cord small at both air and oil myelography 


Cord small at gas but large at oil myelography 


* Remaining patients did not have this study, 


Gradation 


Proved Unproved Disproved 


(20 Cases) (33 Cases) (2 Cases) 


2 9 I 
Definite 7 S 
Total SP 12" tAsaat Ohi 
6/6* 3/5" ( X 
LR I 
2/3 1/1 
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DIFFERENTIAL DIAGNOSIS 


The most difficult lesion to differentiate 
roentgenologically is intramedullary spinal 
cord tumor. There are certain points in 


favor of intramedullary tumor such as 
irregularity of the cord, increased blood 


vessels on the cord, eccentric position of the 
intramedullary mass, a mass extending 
only a few spinal segments and, finally, 
complete manometric block or complete 
obstruction to the flow of oil or gas at 
myelography. Unfortunately, none of these 
signs is absolute. The presence of congenital 
bone anomalies, old spinal fractures or os- 
teomvelitis and long standing scoliosis 1s 
against spinal cord tumor. High protein 
content of the cerebrospinal fluid is more 
frequent in tumors. 

In diastematomyelia, an inexperienced 
observer might conclude that the spinal 
cord was abnormal in size and/or position. 
The oil usually runs along one of the two 
spinal cords or one of the two subarachnoid 
spaces and superficially might suggest a 
local expansion of the cord. With repeated 
attempts in oblique and supine positions, 
however, the oil can usually be passed along 
the other spinal cord or the other subarach- 
noid space, allowing the demonstration of 
the midline defect characteristic of the 
diastematomyelia, Of course, in diastemato- 
myelia the bone changes are obviously con- 
genital in nature. The wide spinal canal at 
the level of the diastematomyelia does not 
show erosion of the mesial surfaces of the 
pedicles of the vertebrae anc, therefore, 
does not represent a widened spinal canal. 


CONCLUSIONS 


Roentgenograms of the entire spine 
should be made in all patients suspected ot 
having syringomyelia or hydromyelia. They 
should be made to search for causes of sec- 

ondary svringomyelia or to show the pres- 
ence of a large spinal canal. Oil and also gas 
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my elography should be done on all such pa- 
tients. Myelograms should be made in order 
to find large fluid-filled collections that 
might be drained with some benefit to the 
patient and possibly to show an Arnold- 
Chiari malformation which might suggest 
that the central canal of the spinal cord 1s 
open at the obex. Oil myelography and also 
gas myelography with the patient in the 
erect position should be done in an attempt 
to show a collapsing spinal cord which 
favors a diagnosis of syringomyelia and/or 
hydromyelia and would be against a diag- 
nosis of tumor. However, in some patients, 
it is impossible to differentiate intramedul- 
lary spinal cord tumor from syringomyelia 
by roentgenologic methods. 

Oil ventriculography should be considered 
in some cases in order to discover if the 
obex is open. It is possible that closing the 
obex would be beneficial. 








Donald 1. McRae, M.D. 
Mone Neurological Hospital 
3801 University Street 
Montreal 2, Quebec 
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AN ANATOMIC, MYELOGRAPHIC AND 
CINEMYELOGRAPHIC STUDY OF 
THE DENTATE LIGAMENTS* 


By BERNARD S. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


YELOGRAPHIC identification of the 

dentate ligaments has received little 
attention. In view of the fact that they can 
be observed quite often in the cervical 
spinal canal, and somewhat less so in the 
thoracic region, a more detailed anatomic 
and roentgenologic description than is now 
generally available is of interest. Dynamic 
changes revealed by cinemyelographic ex- 
amination are also important in an under- 
standing of the function of the dentate 
ligaments. The present study is based on 
dissections of 20 spinal cords removed at 
necropsy, including 3 examined while the 
cord was żin situ. The roentgenologic de- 
scriptions are derived from a review of the 
last 100 consecutive myelograms, all with 
cinemvelographic records. 


ANATOMY (Fig. 1-4) 


The dentate ligaments extend from the 
midline of either side of the spinal cord as 
thin longitudinal septa which originate 
from a barely perceptible thickening of the 
pia mater. They extend laterally, usually 
but not always, in a series of 21 triangular 
folds which insert by means of apical tips 
into the dura mater. The first dentate seg- 
ment is situated opposite the margin of the 
foramen magnum between the vertebral 
artery and the hypoglossal nerve. The last 
one is a broader strand of fibrous tissue 
which unites with its opposite fellow in a 
fork-shaped extension, merging with the 
pia mater surrounding the filum terminale. 

The dentate ligaments are visible 
through the translucent intact arachnoid 
after the dura mater is reflected away. The 
points of insertion of each triangular fold 
are extra-arachnoid in position. At the 
apex of each fold is a small, prong-like con- 
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te 
lic. 1. (4) The dorsal aspect of the dura mater has 
been incised vertically and reflected away from 
the intact arachnoid. The cord has been turned 
slightly so that the left dentate ligament in the 
midthoracic region is visible to better advantage 
than the right. (B) The“‘anterior aspect of the 
dura mater has been incised and reflected laterally. 
The arachnoid has been removed. Both dentate 
ligaments extend laterally from the middle of the 
upper thoracic cord and insert by means of apical 
tips into the dura mater. The anterior spinal 
artery and some radicular branches are apparent. 


tinuation of fibrous tissue which merges 
with the dura mater. These prongs are 
longer in the cervical than in the thoracic 


* From the Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, Long Island, New York. 
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portions of the cord. In the cervical region, 
2 or 3 small continuations of fibrous tissue 
proceed from the dentate tip to insert into 
the dura mater. These are about a milli- 
meter in length, and are seen to best ad- 
vantage when the dura mater is tolded back 
on itself and extended after incision dorsally 
and ventrally in the midline. In the thoracic 
region, these extensions usually are replaced 
by a single heavy fold. 

After the arachnoid is stripped away, the 
dentate ligaments appear as thin sheets 
made up of delicate interlacing folds of 
fibrous tissue. Occasional defects are pres- 
ent in the fibrous sheets, some of which 
probably are artefacts. The triangular leat- 
like extensions are smaller in the cervical 
canal than in the thoracic region, and in- 
crease in size caudally. The ligaments are 
located between the anterior and posterior 
nerve roots, thereby dividing the spinal 
canal into an anterior and a posterior com- 
partment. The motor pathways are dorsal 
to the ligaments and the sensory tracts lie 
ventrally. Cerebrospinal fluid circulates 
about the cord, flowing between the com- 
partments through the spaces between the 
free edges of the dentate ligaments. 

In the cervical spinal canal, the dentate 
insertions are situated about midway be- 
tween the successive emerging nerve trunks. 
They are relatively close together because 
of the short distances between the dural 
sleeves in this area, and, at rest, are about 
2 cm. apart. In the upper thoracic spinal 
canal, the dural tips are separated more 
widely, and are furthest apart in the lower 
thoracic region. The thoracic dural tip in- 
sertions are heavier and more blunt than 
those in the cervical region. They are 
located more caudally in relationship to the 
emerging nerve roots than those in the cer- 
vical canal. In the lower thoracic region, 
the points of implantation are close to the 
caudally placed nerve exits. The fusion of 
the tips and dura is heavy, and a fold which 
points cephalad is seen when the dura is 
stretched. This variation appears to be con- 
sistent with the differences in the movement 
of the spinal cord in the cervical and tho- 
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Fic. 2. (4) The dura mater has been incised ven- 
trally and dorsally, and reflected away from the 
spinal cord. The arachnoid has been removed. 
When tension is exerted on the reflected dura, 
the tips of the lower cervical dentate ligament in- 
serting into the dura mater can be demonstrated. 
Note the rounded, cord-like structure of the lateral 
margin of the dentate ligament and the filamen- 
tous appearance of the triangular extensions. (B) 
A magnified view of the insertional tip of a cervi- 
cal dentate ligament reveals a small prong which 
inserts into the dura mater by means of two small 
fibrous bands. It is postulated that rotary motion 
of the dentate ligament takes place by means of 
this mechanism. 


racic regions, a wider range existing in the 
cervical spine. The last dentate insertion 
varies in that it 1s situated some distance 
from the adjacent emerging nerve trunks. 
Its insertional point is longer than those 
immediately cephalad to it. 

Of particular interest is the rounded, 
cord-like structure of the free edge of each 
dentate ligament. This is a heavy, con- 
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tinuous, somewhat elastic strand of fibrous 
tissue, considerably thicker than the lateral 
triangular sheets or the base of the dentate 
ligament. The prong-like insertions into the 
dura mater are extensions of these periph- 
eral ligamentous thickenings. If the dural 
insertion of a dentate tip is severed, the 
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Fic. 3. (4) The dentate ligament in the lower cervi- 
cal region is seen through the intact arachnoid. 
The insertional tips are visible, and join the dura 
mater about midway between the emerging nerve 
roots. (B) In the lower thoracic region, the dentate 
ligament inserts into the dura mater by means of 
broader tips close to the fusion of the dorsal and 
ventral nerve roots immediately cephalad. (C) 
The last dentate ligament is quite large, and its 
insertional tip is longer than those in the thoracic 
region. It is some distance from the adjacent cau- 
dad and cephalad nerve roots. 


ligament retracts and the corded lateral 
margin flattens out into a straight line. 
When the severed tip is elevated with a fine 
forceps, the rounded margin returns as the 
triangular fold is extended. 

On manipulating the exposed spinal cord 
in situ and immediately after its removal at 
necropsy, traction results in a change in the 
disposition of the dentate ligaments. When 
the cord is stretched by a directly caudad 
pull, the dentate ligaments elongate and 
the distances between the insertional tips 
increase. This is more prominent in the cer- 
vical than in the thoracic spinal canal. The 
relaxed, cord-like free margins of the den- 
tate ligaments stretch so that the scalloped 
appearance present at rest is replaced by a 
more or less straight band, suspended be- 
tween the successive points of insertion into 
the dura mater. 

On cephalad compression, the dentate 
tips approximate each other. As the rounded 
peripheral ligaments relax towards the 
cord, a more scalloped appearance becomes 
evident as the triangular folds retract. On 
lateral flexion, a lengthening of the dentate 
ligament on the convex side of the cord IS 
seen, while that on the concave side 1s 
shortened. The range of movement is great- 
est in the cervical region. These changes 
correspond to those described by Breig.’ 

Rotary motion produces a swivelling 
action of the dentate folds, the rotation 
centering about the points of insertion of 
the triangular leaves into the dura mater. In 
the cervical region, the superior portion of 
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the involved segments rotates dorsally and 
the inferior portion moves ventrally so that 
the dentate leaves turn obliquely. These 
changes are exaggerated when observed on 
manipulation of the cord after removing it 
from the spinal canal. The range of motion 
in the thoracic region is limited in this re- 
gard, 


ROENTGENOLOGIC DESCRIPTION AND 
PROCEDURE 


The roentgenologic description of the 
dentate ligament, at present, is limited to a 
brief note about their appearance on lateral 
myelograms.' Actual demonstration of their 








Fic. 4. (4) A dentate tip in the lower cervical region 
has been severed. The cord-like peripheral band 
straightens out as the dentate ligament retracts 
towards the cord. No change was noted in the posi- 
tion of the cord itself. (B) When the severed tip is 
elevated, the corded peripheral band can again be 
seen. 


Study of the Dentate Ligaments 





Fic. «. (4) The patient is turned into an about 60 
degree right anterior oblique position. Under image 
intensification fluoroscopic control, pantopaque 
flowed under the dependent right dentate liga- 
mert more rapidly than above it. These cinemyelo- 
graphic frames show the split pantopaque column. 
(By A second or so later, the divided column re- 
unites. (C) A spot myelogram of the same patient. 
The dependent dentate ligament is visible. The 
interrupted appearance of the radiolucent line 1s 
regarded as representing the triangular leaves. 


movement and the different changes in 
appearance in the various projections used 
for myelographic examination during life 
have not been reported. During the past 18 
months, this has been studied by means of 
image intensification fluoroscopy, conven- 
tional myelography and cinemyelographic 
examinations (Fig. 5 through 11). While the 
detall available on spot roentgenograms 1s 
far superior to that obtainable from 1n- 
divicual cinemyelographic frames, exami- 
natien utilizing both modalities provides a 
most interesting approach to the study of 
the dentate ligaments. Movement studies 
available from repeated viewing of cine- 
myelographic examination have been useful 
in investigating the alterations in the con- 
figurations of the dentate ligaments in 
flexion, extension and rotation. These ob- 
servations were correlated with those made 
at pestmortem examinations. 

As a rule, about 12 to 18 ml. of pant- 


708 Bernard S. Epstein NOVEMBER, 1966 





Fic. 6. (4) With the patient in about a 60 degree right oblique position and the head extended, a small 
quantity of pantopaque has entered the cervical spinal canal. The dependent dentate ligament is apparent. 
The thicker portions of the broken line represent the tips of the triangular leaves. (B) Note the change in 
the configuration of the dentate ligament when the neck is flexed. Additional pantopaque has entered the 
cervical spinal canal during this maneuver. 


opaque is used for cervicothoracic myelog- 
raphy. The contrast material is introduced 
from the lumbar sac into the thoracic and 
cervical spinal canal with the patient 
turned in about a 45 degree oblique posi- 
tion. The head is postured as for a lateral 
skull roentgenogram, but is kept elevated. 
The passage of pantopaque is followed by 
means of image intensification fluoroscopy. 
Spot roentgenograms and cineradiographic 
studies are made as desired. If deemed ad- 
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Fic. 7. (4) Frames from a cineradiographic run 
taken with the patient in the recumbent lateral 
position while extending his neck. (B) Spot m yelo- 
gram taken at about the same time. The two den- 
tate ligaments are superimposed so that a single 
midline radiolucent line results. The small rounded 
shadows are regarded as produced by the tips of 
the dentate ligaments. The shadow of the cord is 
visible, and some of the ventral nerve rootlets are 
seen inferiorly. 





lic. 8. (A) The upper aspect of the 
cervical dentate ligament is seen on 
this myelogram made 
with the neck in approximately a 
neutral position. The small round 


oblique 


radiolucencies represent the den- 
tate insertional tips. (8) The 
dentate ligament straightens cut 
when the neck is flexed, and the in- 
tips less con- 


sertional become 


spicuous. 


visable, pantopaque is permitted to flow 
into the posterior cranial fossa, taking due 
precautions to prevent further flow into the 
middle and anterior cranial compartments. 

While traversing the thoracic spinal 
canal, the head of the contrast column occa- 
sionally is divided momentarily by the den- 
tate ligament. With the patient in the prone 
oblique position, pantopaque passing below 
the inferiorly placed dentate ligament may 
proceed tor a short distance in advance of 
the contrast material above the ligament. 
This results in a split column, with a thin 
linear asymmetric shadow at the cephalad 
end of the column which vanishes quickly 
as the dentate ligament is enveloped in 
pantopaque. While better seen on cine- 
myelographic records, this phenomenon 
occasionally can be caught on spot roent- 
genograms. 

The thoracic dentate ligaments appear as 
fairly uniform radiolucent lines about mid- 
way in position as seen in the lateral projec- 
tion. With the patient obliquely placed, the 
cephalad aspect is likely to be situated to- 
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wards the middle of the canal and the 
caudad portion is inclined dorsally. One 
ligament is visible when the contrast mate- 
rial fills only the lower half of the spinal 
subarachnoid space. If the entire canal 1s 
opacified, both dentate ligaments are seen 
occasionally in the oblique projections. In a 
true lateral projection, they may overlap 
one another and are represented by a single 
line. The dentate tips and the apices of the 
triangular folds appear as interrupted dash- 
like linear negative shadows. Sometimes, a 
larger portion of the triangular component 
of the ligament produces a broader appear- 
ance of these segmented shadows. 

As pantopaque enters the cervical spinal 
canal with the patient in the recumbent 
oblique position, opacification of the de- 
pendent surface occurs first. At this time, 
the inferiorly placed dentate ligament comes 
into view as a linear radiolucency which 
may present a discontinuous appearance. 
With further filling, the ligament some- 
times can be identified down to the upper 
thoracic level. Both dentate ligaments are 
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Fic. g. (4) Cervical myelogram with the patient in the recumbent lateral position and the head moderately 
extended. Note the oblique position of one of the upper dentate ligament leaves. (B) With flexion and slight 
rotation, the dentate ligament straightens out and the insertional tips change their position. On this film 
both dentate ligaments in the lower cervical region can be seen. 


identifiable when the canal is filled com- 
pletely. In lateral projections the dentate 
ligaments superimpose so that only a single 
radiolucent line is visible. Small dot-like 
rounded shadows are seen at intervals. 
These correspond to the dentate tip inser- 
tions into the dura mater. True direct 
laterals are obtainable in cross-table pro- 
jections, but cannot be observed fluoro- 
scopically without biplane facilities. It 1s 
possible, however, to obtain a similar pic- 
ture under image intensification control by 
turning the patient into a lateral position, 
making sure to control the position of the 
head to prevent intracranial flooding. 

The movement of the dentate ligaments 
in the upper cervical spinal canal can be 
observed with only a moderate quantity of 
pantopaque present. A larger amount Is re- 
quired to fill the canal so that greater 
lengths of the dentate ligament can be 


seen. The first dentate segment can be 
identified in proximity with the vertebral 
artery, which is readily demonstrated when 
the cisterna magna is opacified. A small 
irregularity appears cephalad, representing 
the point of origin of the first triangular 
fold. Proceeding caudad for about a centi- 
meter, a variable ovoid negative shadow 
appears slightly below the level of the fora- 
men magnum. This is produced by the 
prominent nerve rootlets of the hypoglossal 
nerve on either side of the dentate ligament. 
Rotation of the head results in broadening 
and shortening of the configuration of this 
complex. 

Motion studies of the dentate ligaments 
are most striking in the cervical region. 
When the head is extended, the tips of the 
dentate folds approximate each other. The 
rounded points representing the dentate 
tip dural insertions are about I.5 cm. apart 
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Fıc. 10. (4) The first dentate ligament is extended. 
Note its relationship to the adjacent rootlets of 
the hypoglossal nerve and the vertebral artery. 
(B) Lateral cervical myelogram with pantopaque 
in the posterior cranial fossa. The vertebral artery, 
the first dentate segment and the defect caused 
by the hypoglossal nerve can be demonstrated. 
The insertional tip of the next caudad segment is 
visible. 


when the neck is in the neutral position. 
They approach each other as the head 
moves back, and the dentate ligament 
thereupon assumes a more interrupted 
appearance. When the neck is flexed, the 
points of dural insertion become less con- 
spicuous and the distances between them 
increase to about 2 cm., as compared with 
the spacing of about 1.5 cm. at rest. The 
dentate ligament stretches so that the dis- 
continuous configuration of the linear nega- 
tive shadow of the ligament becomes 
straightened, continuous and thinner. With 
rotation of the neck, keeping the head mod- 
erately extended, a short oblique shadow 
appears at some of the dentate tips. The 


liG. 11. (4) Oblique cervical myelo- 
gram. The rootlets of the spinal 
nerves extend superiorly as brush- 
like radiolucencies to emerge from 
the intervertebral foramina. The 
lower nerve roots present as 
trunks, so that the inferior lateral 
margin of the pantopaque column 
is broken in appearance. (B) The 
anterior spinal artery in the lower 
thoracic spine is seen in the mid- 
line. Lateral thereto are some of 
the thoracic nerve roots, passing 
obliquely to their respective inter- 
vertebral foramina. 


Study of the Dentate Ligaments 





uppermost point is directed dorsally and 
the lower margin moves ventrally, much 
the same as seen in the cadaver when the 
cord 1s rotated 77 situ. This represents a 
swivelling action of the involved triangular 
sheets of the dentate ligament, the apical 
point serving as the point about which 
rotation centers. While these dynamic 
changes are better observed cinemyelo- 
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graphically, they also can be shown on 
spot myelograms. 


COMMENT 


There ts little difficulty in differentiating 
the dentate ligaments from nerve roots or 
vascular structures on myelographic exam- 
inations. The anterior spinal artery usually 
is best demonstrated on direct antero- 
posterior roentgenograms in the midline, 
and branches passing downwards and 
laterally towards the axillary pouches in 
proximity with the nerve roots are quite 
distinct. This can also be noted on oblique 
mvyelograms as well. The nerve roots often 
are seen as indentations in the lateral as- 
pects of the pantopaque column in the 
cervical region on anteroposterior myelo- 
grams. The rootlets emerging trom the 
cord itself occasionally can be demon- 
strated as brush-like shadows which con- 
verge and continue towards an interverte- 
bral foramen. The anterior spinal artery 
and some radicular branches appear quite 
often on thoracic mvelograms, but the 
nerve trunks in this region are rather less 
prominent. In the region of the conus 
medullaris, some of the thoracic nerve roots 
can be demonstrated directed obliquely 
downwards. 

I have not been convinced that any great 
diagnostic help can be derived from obser- 
vation of the dentate ligaments. Teng‘ 
noted that patients with spondvlosis or 
spinal cord tumors may present displace- 
ment of the dentate ligaments on lateral 
myelograms, reflecting the position of these 
lesions and their displacement of the spinal 
cord. While this was noted in several of our 
patients, the other changes associated with 
intraspinal masses were far more striking. 

The question as to whether section of the 
dentate ligaments is important in the surgi- 
cal management of cervical spondylosis 1s 
open to argument. In the patients seen by 
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us and operated upon by Dr. Joseph A. Ep- 
stein, the dentate ligaments have not been 
cut. His results have been quite satisfac- 
tory." 


SUMMARY 


The anatomy of the dentate ligaments is 
described as seen 77 situ in the cadaver, after 
removal of the spinal cord at necropsy, and 
on mvyelographic and cinemyelographic in- 
vestigations during life. Prong-like protru- 
sions are present at the apical tips of each 
triangular leaflet. These emerge from a 
cord-like rounded peripheral band which 
circumscribes the free edge of each dentate 
ligament, and inserts into the dura mater. 
Variations in the cervical and thoracic re- 
gions are noted. These dural insertions 
function as points around which the seg- 
ments of the dentate ligament swivel or 
turn during rotary motion. 

These changes, as well as those apparent 
with flexion and extension, were studied 
in the cadaver and during life. Cinemyelo- 
graphic examinations were found to be de- 
sirable for motion studies. 
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TRAUMATIC EXTRADURAL CYSTS OF THE SPINE 


By A. H. SHAHINFAR, M.D.,* and M. M. SCHECHTER, M.D.+ 


NEW YORK, NEW YORK 


N A review of the literature, scant ref- 
erence has been made to traumatic ex- 
tradura! cysts of the spine. We wish to 
report 2 cases of traumatic extradural cysts 
in which the dura was inadvertently opened 
during lumbar disk surgery. In neither case 
was there any evidence of previous infection 
present when the traumatic cvst was dis- 
covered, A review of the literature is also 
presented. 

Although the dura is frequently trau- 
matized during lumbar punctures and sur- 
gery, it 1s surprising that only 11 cases of 
extradural cysts resulting from disk surgery 
have been reported in the literature. 11229% 
724,27,280 Three further cases are referred 
to by Lombardi and Passerini.” 

This condition may be relatively asymp- 
tomatic or perhaps patients may accept 
some degree of discomfort in the presence 
of a cyst without subjecting themselves to 
re-examination. Another explanation for 
so few reports may be the fact that post- 
operative myelography is not performed 
routinely as a long term follow-up after 
disk surgery, 


REPORT OF CASES 

Case L V. McC. (S.V.H. & M.C., No, 
119470) (hig. 1 through 3). A 60 year old obese 
female was admitted to the hospital on July 13, 
1960 with pain in both lower extremities, more 
marked on the left side. There was no history of 
injury although this patient had always done 
rather heavy work. The pain had come on 
suddenly, was sharp and constant in nature and 
radiated from the buttocks to the medial and 
lateral aspects of the left thigh and knee. 

Physical examination revealed limitation of 
movements of the left leg and thigh due to pain. 
The left knee jerk was more brisk than the 
right. Bilateral plantar responses were present, 
A sensory examination revealed hyperesthesia 
of the upper two-thirds of the anterior aspects 


* From the Department of Radiology of St. Vincent's Hospital and 


of the let thigh, extending laterally and medi- 
ally. 

Plain roentgenograms of the spine demon- 
stratec Ro abnormality. A pantopaque myelo- 
gram shəwed changes consistent with marked 
disk protrusion at the level of L3-L4, probably 
midline, 

A laminectomy shortly thereafter showed a 
large protruded disk at the L3-L4 interspace 
which was removed. The patient had an un- 
eventful recovery and was symptom free when 
discharged from the hospital. 

Three-and-one half years later, the patient 
was re-admitted, complaining of a sudden onset 
of pain in her back related to a bout of coughing 
3 weeks prior to admission. There was intense, 
constant low back pain, more pronounced over 
the right sacroiliac joint, not relieved by rest 
and mecications. On examination, there was 
severe paravertebral muscle spasm with marked 
tenderness over the scar of the previous opera- 
tion. Jugular vein compression increased the 
pain shghtly. The right knee jerk was dimin- 
ished. 

Myelosraphic Findings. In an attempt to 
puncture the lumbar subarachnoid space, the 
needle immediately entered a cavity from which 
there was a free flow of clear cerebrospinal 
fluid. During passage of the needle through the 
tissues, the normal resistance of ligaments and 
dura appeared to be diminished. Nine cc. of 
pantopaque was introduced and fluoroscopy re- 
vealed æ large extradural cavity which com- 
municated freely with the spinal subarachnoid 
space. The cyst was located at the level of 
L4-Ls. The pantopaque was not removed at 
this stage and the patient was re-screened 24 
cater. The cyst was again outlined and 
communicated freely with the subarachnoid 
space. 

Operative Findings. The patient was re-ex- 
plored on February 21, 1964. After incising the 
skin, a cystic bulge was encountered. This was 
opened vongitudinally and a cavity with a 
smooth lining was exposed. The cavity mea- 
sured 2x4 cm. and contained cerebrospinal 
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Case 1. (4 and B) July 14, 1960: Myelograms showing disk herniation at 


L3-L4 level, which was removed. 


fluid. With further dissection, a tiny communi- 
cating channel leading to the subarachnoid 
space was discovered. A plastic repair was Car- 
ried out by swinging a pedicle of muscle into 
the cavity to seal this defect in the dura and the 
cavity was then closed. Recovery was unevent- 
ful and the patient remained asymptomatic. 


Case u. C.T. (B.G.S.M. No. 009070) (Fig. 
4, 4 and B). This 60 year old physician was 
seen on February 6, 1957 with a history of hav- 
ing had his first attack of low back pain at the 
age of 20, when he lifted some heavy construc- 
tion material. The attack lasted 2 days. A few 
similar attacks occurred over a period of years 
and at the age of 53, the pain became more con- 
stant in his low back with radiation into his 
left hip and down his left leg. He was admitted 
to the hospital 2 years later and a laminectomy 
with removal of a protruded disk at the level of 
Ls was performed. The patient recovered and 
had little difficulty, but returned 11 years later 
with pain radiating down the lateral aspect of 
his left leg into the left foot, with the clinical 
impression of a recurrent herniated nucleus 
pulposus at the Ls-Sr interspace on the left. 


Myelographic Findings. Mvyelography re- 
vealed a defect at the L4-Ls interspace on the 
left side and a pseudocyst or meningocele at the 
I.s-St level on the left. 

Operative Findings (February 8, 1957). About 
1 cm. deep to the level of the spinous processes, 
a cystic structure was encountered which was 
eventually found to communicate directly with 
the subarachnoid space at the level of Lg where 
a small 2 mm. opening was discovered in the 
dura. The cyst measured about 3X6.5 cm. ın 
diameter. The opening in the dura was closed 
with silk sutures. The L4-Ls level was then 
explored and a disk extrusion at this level was 
removed. 


DISCUSSION 


In a review of the literature, numerous 
reports of congenital extradural cysts were 
found. These were first clinically docu- 
mented by Elsberg, Dyke and Brewer” in 
1934. The roentgenologic changes include 
widening of the spinal canal, erosion ot 
pedicles, irregularity of epiphyseal plates 
(epiphysitis), and a widening of the para- 
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Fie. 2. Case 1. (4, B 
and C) February tg, 
1964: Myelograms re- 
veal that the needle 
has entered the cyst 
directly and panto- 
paque outlines its 
cephalad and caudad 
extensions with the 
patient in the prone 
and semi erect posi- 
tions. In 4 and B, 3 
collections of pante- 
paque have passed 
from the cyst and have 
collected in the sub- 
arachnoid space in the 
prone position. In C, 
a semi erect position, 
the subarachnoid col- 
lections have pooled in 
the sacral sac. 
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Itc. 3. Case 1. (4, B and C) 


Myelograms 24 hours after 
Figure 2, 4, B and C. Note 
that most of the pantopaque 
now has entered the sub- 
arachnoid space. Free com- 
munication was present be- 
tween the cyst and the sub- 
arachnoid space. 


M. M. Schechter 





NOVEMBER, 1966 


VoL. 98, No. 3 


Traumatic Extradural Cysts of the Spine 717 





ic. 4. Case 11. (4 and B) Myelograms made 11 years after the removal of a disk at the level of Ls. Panto- 
paque passed freely from the subarachnoid space to the cyst wa a communication. A defect in the pan- 
topaque-column at the level of L4—L5 is noted. At surgery a herniated disk at this level and the cyst at the 


level of Ls—S1 were removed. 
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vertebra. shadows. Myelograms in 
the majerity of cases show a partial or 
complete block to the passage of panto- 
paque in the subarachnoid space. A com- 
munication between the cyst and the sub- 
arachnoid space ts rare." 

We will limit our discussion to extradural 
cysts of traumatic origin. 

Etiology. In some cases, a congenital 
weakness 1n the dura prior to trauma may 
predispose to cyst formation. A defect in 
the dura allows the arachnoid to herniate 
and perpetuate the cyst formation.!®:17.27,28 
This is probably the mechanism in most 


cases of closed injury to the spine. Open 
injuries of the dura may result from mul- 
tiple needle punctures,®:* surgical explora- 
tion of spinal compartments deep to the 
dura!’ and inadvertant trauma to the dura 
during thoracoplasty.!"?° The dura may 
also be tern by injuries involving the spinal 
column,.2718,26 

When the dura is opened, the cerebro- 
spinal quid may escape into the extradural 
tissues. This fluid is usually absorbed 
during tae initial stages following trauma. 
If the opening in the dura remains patent, 
the absorption mechanism of the escaping 


718 
cerebrospinal fluid will be deficient as the 
fluid sets up a connective tissue reaction 
and a nonabsorbing membrane will grad- 
ually develop. 

Age Incidence. Although most disk sur- 
gery is undertaken during adult life, cases 
of extradural traumatic cysts have been 
reported in infants following injury to the 
spine.” 

Sex. Traumatic extradural cysts of the 
spine are found predominantly in males 
because of occupational hazards. 

Location. Most occur in the lumbar re- 
gion, although cysts have appeared in the 
cervical, thoracic and sacral regions,* 1°16 


17,21,22 


g Mie 


Time Interval. The interval between 
trauma and discovery of cyst varied from 
a few months!®!®30 to many years.) ?%7728 

Symptoms. When related to disk surgery, 
the symptoms were usually a recurrence of 
those present before surgery. These symp- 
toms and signs were mainly related to 
pressure on nerve roots by the cyst or 
herniation of nerve roots into the cyst. '®” 
Since the canal in the sacral region is rel- 
atively capacious, the onset of pressure 
symptoms may be delayed when compared 
with lesions in the cervical and thoracic 
region.” In most cases, no cyst was clin- 
ically evident; in a few instances, however, 
the cystic mass was apparent.” 25 

Histology of Cyst Wall. This is usually 
dense fibrous tissue lined by mesothelial- 
like cells.!?* If the arachnoid herniates, 
the cyst wall will be lined by this mem- 
brane.” 

Roentgenographic Findings. Plain roent- 
genograms of the spine are usually unre- 
vealing. Evidence of previous surgery or 
trauma may be present. No reports have 
appeared of cases showing changes in the 
spinal pedicles or canal as is usually seen 
associated with the congenital type. Two 
cases revealed evidence of ossification of 
the cyst wall.??”* | 

Myelographic Findings. In our first case 
report, the needle entered directly into the 
cyst cavity. In retrospective reasoning, 
this also occurred in a case reported by 
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Swanson and Fincher.’ Other reports of 
this occurring have appeared with only the 
congenital cyst variety. In all cases of trau- 
matic extradural cysts, there was free com- 
munication between the subarachnoid 
space and the cyst cavity. The commu- 
nicating tract was not always demon- 
strated. 

In the evaluation of patients who have 
recurrence of symptoms following disk sur- 
gery, extradural cyst formation, although 
rare, must be kept in mind and a thorough 
roentgenologic examination with particular 
emphasis on myelography is essential. This 
should include fluoroscopy in the prone, 
supine and lateral decubitus positions. 
Myelography in the prone position alone 
may be unrevealing since the cysts are usu- 
ally located on the dorsal aspect of the sub- 
arachnoid space. Delayed screening should 
be undertaken, since pantopaque may not 
immediately find its way into the cyst. 

Occasionally, the cyst will cause a com- 
plete or incomplete block to the passage of 
pantopaque in the subarachnoid space. 
Such a block may be misinterpreted as re- 
currence of tumor.’® 


SUMMARY 


Two cases of traumatic extradural cysts 
of the spine are reported following disk 
surgery. Both cases had complete myelo- 
graphic studies and the correct diagnosis 
was made prior to surgery. 

The rarity of this entity is evidenced by 
only 11 documented case reports in the 
literature. 

Careful myelographic examination 1s 
stressed in the evaluation of patients with 
recurrent symptoms following disk surgery. 

The literature has been reviewed and 
discussed. 

A. H. Shahinfar, M. D. 
Department of Radiology 
Cary Memorial Hospital 
Caribou, Maine 04736 

We are grateful to Drs. C. G. deGutierrez- 
Mahoney and Eben Alexander for Cases 1 and 
i and for allowing us to peruse their personal 


files. 
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VENOUS INTRAVASATION OF IODIZED OIL 
DURING MYELOGRAPHY* 


REPORT OF A CASE WITH ROENTGENOLOGIC EVIDENCE OF 
CONTRAST MEDIUM IN THE ILIAC VEINS AND 
IN THE LUNGS 


By RENATO RUBERTI, M.D., FRANCESCO GALLIGIONI, M.D., GIORGIO IRACI, M.D., 
and ALESSANDRO NORI, M.D.+ 
PADOVA, ITALY 


HEN performing myelography, we 
YY have noticed in 9 patients a sudden 
disappearance of the iodized oil from the 
spinal subarachnoid space during the phase 
of its removal following completion of the 
procedure. Eight of these cases have been 
reported previously.? The hypothesis was 
advanced that the opaque medium might 
have entered the venous system following 
accidental puncture of the vertebral plexus. 
Actually, bloody spinal fluid was obtained 
through the needle in every one of these 8 
cases during the aspiration of the oil. At 
that time, however, no roentgenologic evi- 
dence of contrast medium in the venous 
system could be obtained. 

More recently, we have observed the 
unequivocal roentgenologic evidence of 
such an occurrence in an additional case, 
with the presence of the contrast material 
in the sacroiliac veins and in the lungs. 


REPORT OF A CASE 


The patient had been admitted with a history 
of progressive tetraparesis of some years’ dura- 
tion, more marked on the right side, and with a 
sensory loss level at C4. Lumbar puncture 
showed normal manometric and cytochemical 
values, with the exception of the benzoin curve 
(0000.0222,0000.0000). 

Roentgenograms of the spine showed no 
pathologic findings. Myelography was then 
performed with the introduction of 9 cc. of 
myodil. Clear colorless cerebrospinal fluid was 
obtained on lumbar puncture. The contrast 
medium was followed under fluoroscopy from 
the cul-de-sac to the foramen magnum and no 
abnormalities could be observed (Fig. 1). At the 
end of the procedure, a second spinal puncture 


was made between Ls and Sı, with the patient 
in the sitting position, in order to remove the 
contrast material; bloody spinal fluid, but no 
oil was obtained. At this stage, the patient had 
some bouts of dry cough and presented for a 
few minutes mild signs of circulatory collapse, 
with skin pallor, hypotension, etc. A roentgeno- 
gram of the lumbosacral segment (Fig. 2) 
showed the oil to have almost disappeared from 
the sac, while the sacroiliac veins were opacified. 

Two minutes later, a chest roentgenogram 
revealed the presence of thin opaque streaks in 
both pulmonary bases (Fig. 3). Fifteen minutes 
later, a control roentgenogram of the chest 
demonstrated their complete disappearance. 

The patient experienced no further discom- 
fort and was transferred some days later to a 
neurological service, with tke diagnosis of mul- 
tiple sclerosis of the cord. 


DISCUSSION 


Ten similar cases have been reported in 
the literature.t3° Only in 5 of these was 
there roentgenologic evidence of contrast 
medium in the lungs obtained; in the other 
§ patients, the positive findings were lim- 
ited to the sacroiliac veins. This complica- 
tion occurred during myelography, either 
at the moment of lumbar puncture or dur- 
ing movements of the patient with the 
needle in situ. 

In our own cases,? it always occurred at 
the end of the procedure during the extrac- 
tion of the opaque medium. Roentgen ex- 
amination of the chest was performed, how- 
ever, only in the patient reported here. 

It is possible that this accident has been 
met with a relatively higher frequency in 
our series of myelographic studies because 


* From the Institute of Neurosurgery (Prof. P. Frugoni, Director), University of Padua, Italy. 
t Present address: Reparto Neurochirurgico, Ospedale Civile, Florence, Italy. 
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of the repetition of the lumbar puncture 
that we customarily do in order to allow ex- 
ploration of the dorsal as well as of the 
ventral surface of the spinal canal. Obvi- 
ously, repetition doubles the chances of 
puncturing the vertebral venous plexus. 

This uncommon accident during myelo- 
graphy deserves some consideration if we 
remember Strain’s® experimental observa- 
tions. While rapid intravenous injection of 
8 cc. of pantopaque in dogs could be fatal, 
slow injection of the same amount of con- 
trast medium produced no ill effects. 

In our g cases, no untoward ettects were 
noted with the exception of a slight, transi- 





FIG. I. 


Myelogram of the cervical tract showing 
normal findings. 
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Fig. 2. Myodil in the sacroiliac veins. 


tory circulatory collapse and a dry cough. 

Schultz and Millerë have proposed the 
inject on of only a small quantity of con- 
trast nedium into the spinal canal at the 
beginning of myelography if bloody cere- 





Mic. 4. 


Opaque streaks in the right 
pulmonary base. 


THL 


brospinal fluid is obtained. In our opinion, 
it might be wise in this event to postpone 
the procedure altogether. 


SUMMARY 


The entrance of iodized oil into the ve- 
nous system represents a possible, although 
rare, complication of myelography, which 
usually does not result in any permanent 
clinical consequences. 

A case of intravasation with the roent- 
genographic demonstration of contrast 
material in the sacroiliac veins and in the 
lungs is reported. 

Giorgio Iraci, M.D. 
Istituto di Neurochirurgia 
Università di Padova 
Ospedale Civile 

Padova; Italy 
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ANGIOGRAPHIC FINDINGS IN A PATIENT WITH 
TUBEROUS SCLEROSIS* 


By M. VIAMONTE, Jr., M.D., R. RAVEL, M.D., V. POLITANO, M.D., and 
B. BRIDGES, M.D. 


MIAMI, FLORIDA 


PATIENT with the typical clinical 
A and roentgenographic abnormalities 
of tuberous sclerosis was thought to have 
“polycystic disease of the kidneys” at 2 
previous institutions on the basis of intra- 
venous pyelograms. This patient wasstudied 
by selective renal and celiac angiography, 
which instead disclosed hamartomas of the 
kidmeys and liver. This case is described 
and illustrated in order to stress the im- 
portance of angiography in the evaluation 
of patients with unilateral or bilateral 
nephromegaly. 


REPORT OF A CASE 


A. C., a 25 year old white woman, was first 
admitted to Jackson Memorial Hospital, Mi- 
ami, Florida, in October, 1964 with 2 days of 
chills, fever and constant dull nonradiating 
right flank pain. The patient has been afflicted 
with epilepsy since the age of 3 years which is 
controlled by medicine. There is no family his- 
tory of any kind of kidney disease, abdominal 
masses, hypertension, skin lesions, mental defi- 
ciency, or epilepsy. The present illness began 
5 years prior to admission when she noticed bi- 
lateral abdominal masses which slowly but pro- 
gressively enlarged. In 1961 after intravenous 
pyelography was performed, she was explored 
through a right flank incision at a hospital in 
Ohio, and was told that she had “cystic disease” 
of her kidneys. The patient had had 2 normal 
pregnancies and delivered in 1962 and 1964. 
The masses continued to grow slowly except 
during each pregnancy when there was definitely 
accelerated enlargement which did not regress 
after delivery. An intravenous urogram in 1962, 
after her first pregnancy, was again diagnosed 
as “cystic kidneys.” 

For several months prior to the current ad- 
mission, she had experienced increasing poly- 
uria, and recently had developed dysuria. There 





FıG. 1. Lateral photograph of the face showing 
several angiofibromas (so-called “adenoma seba- 
ceum”) in the nasolabial fold. 


is no record of any hypertension, hematuria, or 
previous urinary tract infections. 

Physical examination showed a chronically 
ill, pale, slender, white woman with a blood 
pressure of 120/65. Pertinent physical findings 
included large, asymmetric, protruding, lobular 
masses in each upper quadrant of the abdomen 
which were slightly movable and ballotable, 
with the right side larger than the left. The 
mass borders were poorly demarcated but ex- 
tended into the pelvic cavity, while the medial 
aspect projected to the midline. No other or- 
ganomegaly was found. Neurologic examination 
was within normal limits. There were several 
firm shiny nodules of small but variable size in 
the nasolabial area of the face (Fig. 1). Subun- 
gual warts were present on several fingers (Fig. 
2) along with café-au-lait spots on her thighs, 
and shagreen plaques on her back. Funduscopic 
examination disclosed yellowish retinal plaques 


(Fig. 3). 


* From the Departments of Radiology, Pathology and Urology of the University of Miami School of Medicine .Jackson Memorial 


Hospital, Miami, Florida. 
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FIG. 4. (4) Intravenous and (B) retrograde urographic studies demonstrating deformed, dilated collecting 
systems, secondary changes produced by intrarenal kidney masses, ill-defined kidney outlines, and medial 
displacement of the proximal right ureter. Spotty areas of osteosclerosis are present in both iliac bones. 
These areas simulate osteopoikilosis, bone islands, and even osteoblastic metastasis. 








lic. 2. Close-up photographs of the tip of the fingers showing subungual fibromas (believed to 
represent a pathognomonic finding in tuberous sclercsis) and deformity of the finger nails. 


Pertinent laboratory findings included the 
following: hematocrit 24 per cent with a normo- 
cytic, normochromic red blood cell morphology; 
and a white blood cell count of 15,600 with a 
shift to the left. Urinalysis disclosed specific 
gravity of I.012, So mg. per cent of protein, 
negative sugar, and many bacteria and white 





Funduscopic photograph showing a large 
yellowish plaque, so-called phacoma of the retina. 


FIG. 3. 


blood cells microscopically. Urine culture grew 
out Proteus vulgaris. Blood urea nitrogen was 


34 mg. per cent; serum creatinine I.2 mg. per 


cent; and phenolsulfonphthalein excretion was 
19.3 per cent in 2 hours. Liver function studies 
included bromsulphalein of less than § per cent 
retention in 45 minutes; alkaline phosphatase 
of 2.1 Bodansky units; and total protein of 6.5 
gm. per cent with A/G ratio of 2.99/3.6. Elec- 
trocardiogram and electroencephalogram were 
both within normal limits. 

Intravenous urography and retrograde pyel- 
ography disclosed bilaterally enlarged kidneys 
with compressed, dilated calyces and distorted 
renal pelves. There was superior and medial 
displacement of the proximal third of the right 
ureter, which was extrinsically compressed by 
the enlarged lower medial aspect of the right 
kidney (Fig. 4, 47 and B). Cystoscopic exami- 
nation was unremarkable except for trigonitis. 

Selective renal angiograms (Fig. 5, 7 and B; 
and 6, 4 and B) demonstrated marked hyper- 
vascularity with angiomatous malformations in 
both kidneys. There were, however, no signs 
of arteriovenous fistulae. The hypervascularity 
had an asymmetric distribution and the poste- 
rior two-thirds of the right kidney appeared 
avascular (Fig. 6, 4 and B). Selective celiac 
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Fic. 5. Selective right renal arteriograms in the arterial (4) and nephroangiographic (B) phases. The main 
renal artery and interlobar branches are large and show variable degrees of displacement. The contrast 
material pools and remains temporarily in small berry-like vascular collections in direct continuity with 
interlobar.and interlobular branches of the renal artery. The collection of contrast material is in arterial 
angiomatous malformations. There is no evidence of early venous phase. The lack of early appearance of 


the veins rules out arteriovenous fistula. 
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l'1G. 6. (4 and B) Lateral studies of the selective right renal arteriography showing similar findings to those 
in Figure 5, 4 and B. Note asymmetric involvement of the right kidney with avascular portion in the 


posterior half. 


arteriograms (Fig. 7) showed stretched right 
hepatic arteries supplying an enlarged right 
lobe of the liver. None of the other organs ex- 
amined showed evidence of angiomata. Roent- 
genograms of the skull revealed periventricular 
calcification, a plaque of calcium in the occipital 





Selective celiac arterlogram demonstrating 


FIG, 
spreading of the right hepatic arteries due to the 
presence of hepatic hamartomas. H=hepatic ar- 
tery; S=splenic artery; LG=left gastric artery. 


region, and calcification of the left basal ganglia 
(Fig. 8, 4 and B). Disseminated, rounded, 
small, osteosclerotic densities were uniformly 
distributed in the bony pelvis (Fig. 4, 4 and 
B). Cortical bone defects were observed in sev- 
eral phalanges of the hands and feet (Fig. 9, 4 
and C). Localized areas of cortical thickening 
were present in some of the long tubular bones, 
especially the tibia and fibula (Fig. 98). The 
chest roentgenogram showed elevation of the 
right hemidiaphragm and very fine honeycomb- 
ing of the lower lobes (Fig. 10). 

The patient was initially treated with chlor- 
amphenicol to which her urinary tract infec- 
tion responded promptly. She was then explored 
with the hope of finding cystic lesions that could 
be decompressed to improve her kidney func- 
tion. 

At surgery, the liver and spleen were found 
to be enlarged approximately twice normal 
size, with the liver extending down to the level 
of the umbilicus. The right kidney was approxi- 
mately 35 cm. long and 22 cm. wide. It ap- 
peared solid, yellowish-red and lobulated with 
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Fic. 8. Lateral (4) and frontal (B) roentgenograms of the skull demonstrating calcified plaques (lower arrow 
in 4), periventricular calcification (upper arrow in 4) and calcification in the region of the left basal ganglia 


(arrow m B). 


no evidence of actual cysts. Needles were 
passed through some of the tumor lobules but 
other than blood, no fluid was obtained. The 
left kidney was approximately 25 cm. long and 
15 cm. wide. It presented as a large solid mass 
with a smoother surface and a more yellowish 
appearance than the opposite kidney. The sur- 
faceseemed thinly encapsulated. Bilateral renal 
biopsies and a liver biopsy were taken. The 
postoperative course was completely unremark- 
able and the patient was discharged 9 days 
after surgery. 

The histopathology of both kidney biopsies 
was similar. The specimens were composed of 
mature adipose tissue, smooth muscle, and 
unusually thick-walled blood vessels of arteriole 
or small artery size (Fig. 11). The smooth mus- 
cle seemed to surround these blood vessels and 
often to fll in the intervening areas. The blood 
vessel walls were often hyalinized or partially 
replaced by connective tissue. The liver showed 





Fic. 9. Roentgenograms of the right hand (4), right 
lez (B) and feet (C). Note punched out cortical 
defects in the proximal phalanx of the second and 
third fingers, localized cortical hyperostosis in 
the tibia, fibula, metacarpals and metatarsals 
(arrows). The latter findings are identical to those 
seen in Gardner’s syndrome. 





several portal tracts which were markedly en- 
larged. There was marked fibrosis of these 
portal -racts without any extension into the sur- 
rounding tissue. The hepatic veins appeared 
considerably dilated. One of these large portal 
areas also showed a small circumscribed area of 
mature edipose tissue and a focus of proliferat- 
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Fic. 10. Follow-up chest roentgenogram demonstrat- 
ing elevation of the right hemidiaphragm and very 
fine reticular pattern in both lower lobes. 


ing blood vessels of capillary size (Fig. 12). 
Histologic diagnosis of both kidneys was angio- 
myolipoma; and of the liver, focal portal ham- 
artomas of mixed type. 


DISCUSSION 


Von Recklinghausen*® in 1862 was the 
first to describe patchy sclerosis of the cere- 
bral cortex, with his case also having mul- 
tiple myomata of the heart. Bourneville® 
first applied the name “tuberous sclerosis” 
to these cerebral changes when he described 
10 Cases in a series of papers published dur- 
ing the years 1880-1900. This syndrome 
frequently bears the eponym “‘Bourneville’s 
disease.” The term “epiloia’’ was intro- 
duced by Sherlock*® in 1911 to indicate the 
commonly encountered triad of adenoma 
sebaceum, epilepsy and mental deficiency. 
Moolton* in 1942 suggested the name 
“tuberous sclerosis complex’ since the 
term tuberous sclerosis applied only to one 
feature in this disorder of multiple abnor- 
malities. In the fully developed syndrome, 
numerous and extraordinary diversity of 
lesions may be encountered in the brain, 
kidneys, bones, skin, heart and lungs. 
Many of these anomalies belong to the 
category of hamartoma. This term was pro- 
posed by Albrecht? to characterize benign 
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ic. 11, Photomicrograph of renal angiomyolipoma. 
Note mature adipose tissue, thick-walled small 
blood vessels and smooth muscle cells surrounding 
and between the vessels. These abnormal small 
arteries are a representative sample of those 
visualized by angiography. (Masson’s trichrome 
X78.) 
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lic. 12. Photomicrograph of hepatic portal hamar- 
toma. Note marked portal tract enlargement by 
fibrous tissue, area of adipose tissue (left arrow) 
and focal aggregation of tiny blood vessels (right 
arrow). (H & E stain X 44.) 
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tumor-like malformations composed of 
tissue indigenous to the parent organ, but 
abnormal in arrangement, quantity, or 
degree of maturation. The histopathologic 
alterations of the tuberous sclerosis com- 
plex have been well reviewed elsewhere,”**" 
so only a brief résumé of the syndrome find- 
ings will be presented. 

Cerebral lestons may be of gross or micro- 
scopic size, and affect mostly the periven- 
tricular region of the cerebral cortex and the 
basal ganglia. Various combinations of hy- 
perplastic astrocytic elements, dense glial 
tissue and hypervascularity are found. 
Calcification may develop around the blood 
vessels. Neurologic manifestations are very 
frequent and include epilepsy, mental re- 
tardation or both. In a much smaller num- 
ber of patients, no clinical symptoms are 
present; sometimes even when cerebral 
lesions are found at autopsy. Frank neo- 
plasia develops in a small percentage of 
cases.” 

Retinal lesions are known as phacoma 
and consist of elevated nodules or plaques 
composed of glial tissues similar to those of 
the central nervous system. 

Skin anomalies take several forms. The 
most common is the so-called “adenoma 
sebaceum” found in about ṣo per cent of 
patients. These are groups of nodules oc- 
curring most often near the nose which 
histologically show either increase in der- 
mal collagen and hair follicles or less com- 
monly, a localized proliferation of the seba- 
ceous glands.” These are rarely present at 
birth and may not appear until puberty. 
Less often found are thickened skin areas 
known as “shagreen patches,” usually near 
the sacrum, and localized skin hyperpig- 
mentation known as “‘cafe-au-lait’’ spots. 
Small fibrous tissue nodules called ungual 
fibromas are sometimes present, located 
either below or beside the fingernails or toe- 
nails. Some consider these equally impor- 
tant to adenoma sebaceum for the clinical 
diagnosis. 

Cardiac lesions are represented by pecu- 
liar tumors called rhabdomyomas which 
are localized areas of abnormal myocardial 
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fibers distended with glycogen. These foci 
may be single or multiple, microscopic or 
large; thev are associated with a very high 
mortality during infancy and childhood, 
even when clinically silent. Rhabdomyomas 
when single may occur in the absence of 
demonstrable tuberous sclerosis, although 
they are usually associated with the disease 
when multiple.*® 

Hepatic hamartomas have been described 
in 2 prev-ous cases of tuberous sclerosis.):?7 
They may be lipomas, portal fibrolipomas 
or portal bile duct proliferation. 

Pulmonary lesions have been reported in 
a few cases* and consist of many small cysts 
or areas of supporting tissue overgrowth. 

Bone changes include patchy localized 
densities in the skull, vertebral column and 
pelvis which may simulate osteoblastic 
metastasis or osteopoikilosis.**6 In addition 
there may be small, cyst-lke radiolucent 
areas in the phalanges." Histologically, 
these are defects filled with dense fibrous 
tissue and surrounded by irregular bone 
proliferacion.’ Localized periosteal thicken- 
ing may occur along the shafts of long 
bones, most commonly the phalanges." 
They can simulate the cortical exostosis of 
Gardner s syndrome. We have found only 1 
case report of tuberous sclerosis that 
showec. the peculiar condition of “rheo- 
stosis, characterized by an irregular hy- 
perostos’s running down the shaft of a bone 
and confined to one limb.” 

Renal lesions are most common next to 
cerebral ones, being found in 50 to 80 per 
cent of tuberous sclerosis patients. 12639 
These are usually characterized as mixed 
mesodermal tumors, being composed of 
adipose tissue. smooth muscle and blood 
vessels in varying proportions. In the over- 
whelming majority of cases, these lesions 
have proved benign; itis this fact, as well as 
their associatic i with others of the varied 
nonepithelial, tumor-like malformations of 
the tuberous sclerosis complex, which has 
led to their classification as hamartomas.” 
There have been 3 cases reported with ex- 
tension nto the renal vein without further 
spread,’ >? and 8 cases of “sarcoma” with 
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metastasis, 73.39 including 5 from the 
German literature, in which the morpho- 
logic appearance suggested development 
from a pre-existing benign tumor. How- 
ever, it is difficult to evaluate some of these 
reports, since “metastasis” in certain 
situations might represent hamartomas in 
other organs. 

Histologically, the components of these 
tumors lead to the designation angiomyo- 
lipoma. The fatty elements are usually 
mature adipose tissue. The smooth muscle 
component may be sparsely or rather high- 
ly cellular. The nuclei are usually unre- 
markable but sometimes may display a 
considerable degree of anaplasia which un- 
commonly even suggests sarcoma. This 
cytologic variation accounts for much con- 
fusion in the literature regarding malig- 
nancy. In some cases the smooth muscle 
seems to originate from the walls of blood 
vessels, streaming out in a “pinwheel” 
fashion. The blood vessels are usually of 
small artery size, although varying in di- 
ameter. They are tortuous and often ar- 
ranged in groups. Their wall is unusually 
thick for the diameter of the lumen, and it 
is common for most of the vessel wall to be 
hyalinized or partially replaced by connec- 
tive tissue. Normal elastic tissue mem- 
branes are usually absent. They have been 
considered vascular malformations and 
seem more arterial in nature than venous. 
It is this phase of the renal lesion which 
angiograms in the present case demon- 
strated so beautifully. 

In each kidney they may be single or 
multiple. When single, they are most fre- 
quently unilateral; when multiple, they are 
generally bilateral. Single and unilateral 
kidney hamartomas usually occur in the 
absence of demonstrable tuberous sclerosis. 
One hundred and three cases of renal angio- 
myolipoma without tubero: s sclerosis have 
been reported. 914.18,19,19,20,35,20,31,38,34,33 In 
the last 5 years we have seen 2 at our in- 
stitution which were surgically removed, 
with no stigmata of tuberous sclerosis re- 
ported.’*!7 Unfortunately, it is difficult to 
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evaluate many of the reported cases, since a 
patient may have histologic stigmata of 
tuberous sclerosis not evident clinically, or 
which even at postmortem examination 
might conceivably be overlooked. Some 
authors feel that renal hamartomas which 
occur in patients without the usual stig- 
mata of tuberous sclerosis may represent 
the so-called “forme fruste” of that syn- 
drome, 2:18:29 

The great majority of these tumors are 
discovered only at autopsy. They may be of 
microscopic size or grossly visible. They are 
most commonly small, most often less than 
2 cm. in diameter, but have been reported 
as large as 20 cm. in diameter. Those which 
are clinically evident display symptoms of 
infection, pain, or hematuria—the latter 
due to the abnormal tumor blood vessels 
which may cause hemorrhage. Of 30 pa- 
tients described by Price and Mostofi,?® 3 
presented as acute abdominal emergencies. 
At the other end of the clinical spectrum, a 
tumor may rarely come to attention as an 
asymptomatic abdominal mass. 

Urograms in these patients usually show 
a space-occupying lesion distorting and dis- 
placing the pelvis and calyces according to 
its location and size. These masses are fre- 
quently difficult to distinguish from large 
cysts or renal carcinoma. Lucent areas cor- 
responding to the fatty tissue component 
may be helpful if present.!® Angiom yolipo- 
mas of the kidney and polycystic disease 
may have a very similar pyelographic ap- 
pearance in some cases.® The association of 
tuberous sclerosis and polycystic renal 
disease has been reported in 5 caseg.15:1937,28,8 
- Arteriography has been employed in 6 
reported cases of angiomyolipoma during 
preoperative work-up.}%19.20.87,38 Tn 5 a 
translumbar technique was used, and in 1, 
the Seldinger catheter method.” The find- 
ings and their interpretation are sum- 
marized by Khilnani and Wolf as follows,!8 
“Puddling of the opaque material as well as 
vascular displacements were demonstrated 
which resembled the findings seen with hy- 
pernephroma.” These authors were led to 
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conclude: “It would seem, therefore, that 
this is not a useful technique for differential 
diagnosis in such instances.” 

We feel that in our case of angiomyo- 
lipoma, there were changes which are char- 
acteristic and which are not found in either 
hypernepnhroma or polycystic disease. In 
fact, the diagnosis of tuberous sclerosis was 
first considered only when the selective 
renal studies were evaluated, with the other 
stigmata mentioned earlier being uncovered 
in retrospect. Here, as in other lesions, the 
technique of selective renal angiography 
usually oers better delineation of the kid- 
ney archetecture than translumbar aortog- 
raphy. The normal renal angiogram dem- 
onstrates three phases: arterial, capillary 
(nephrographic), and venous. The initial 
arterial phase occupies about 2 seconds, 
The renal arteries, the arcuate and inter- 
lobar arteries, and, in many instances, the 
small interlobular arteries are demon- 
strated. There is a uniform branching pat- 
tern throughout. The arteries maintain a 
regular ciameter and a uniform tapering 
appearance. The nephrographic phase lasts 
about § to 10 times the preceding arterial 
phase, although varying from patient to 
patient. The dense complex nephrographic 
opacification time period is usually followed 
by demonstration of faintly outlined renal 
veins, the venous phase. This is not always 
seen, anc is superimposed on the nephro- 
graphic phase. The venous phase usually 
appears about 8 to 10 seconds after initial 
injection of contrast material and is of vari- 
able duration. 

In renal carcinoma (hypernephroma), 
there are several distinguishing features. In 
the arterial phase, abnormal vessels are 
usually seen. Since renal carcinoma vascu- 
lature is no different from that of tumors 
elsewhere, there are both quantitative and 
qualitative abnormalities. There is hyper- 
vascularity within the tumor. The tumor 
vessels have abnormal distribution and 
branching patterns, are pleomorphic in re- 
spect to both size and outline, take aber- 
rant courses, display focally dilated areas 
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which have an irregular contour and SIZe, 
and lacx normal tapering. In addition, the 
angiograms characteristically show pooling 
or “puddling” of the contrast medium 
within the tumor; this may appear any- 
where in the tumor but most often at the 
periphery. They are of variable number and 
size, and have rounded or irregular shapes. 
These localized collections of contrast ma- 
terial are due to neoplastic vessel anasto- 
moses resembling arteriovenous malforma- 
tions, to 1ypervascular areas contrasted to 
contiguous avascular regions, or to the 
formation of “venous lakes” due to venous 
obstruction, They appear at the end of the 
arterial phase and persist, or only during 
the nephrographic stage, depending on the 
etiology. Finally, the venous phase in hy- 
pernephroma is often unusually rapid in 
onset, showing either normal or abnormal 
vessels, 

In our case of angiomyolipoma, the arte- 
rial phase showed hypervascularity with 
abnorma. vessel distribution. In addition, 
some of she morphologic aspects of hyper- 
nephroma vessels were present, such as loss 
of normal tapering and presence of unusual 
tortuosity. However, what was most strik- 
ing was the presence of many peculiar, 
small, regular outpouchings resembling 
berry aneurysms from the interlobar and 
interlobular arteries (Fig. 5, Æ and B). In 
some places they seemed to terminate the 
interlobular arteries, with an appearance 
suggesting a cluster of grapes. They were in 
definite contrast to the irregular size and 
contour manifested by the focal ectasia of 
hypernephroma_ vessels. These peculiar 
aneurysra-like structures were best seen in 
the arterial phase. During the nephro- 
graphic phase, they were obscured by the 
superimposed nephrographic effect, and 
thus became an irregular pooling with 
asymmecric distribution which would be 
indistinguishable from the “puddling” of 
hyperneshroma. The venous phase devel- 
oped normally, again in contrast to the 
early appearance often associated with 
carcinoma, 
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Polycystic renal disease could be easily 


ruled out, since it has a relatively avascular 
angiographic pattern. 


SUMMARY 


A classic case of the tuberous sclerosis 
complex is presented. Selective renal angio- 
graphic studies disclosed clear differentia- 
tion between large renal hamartomas and 


the 


possibility of polycystic kidney or renal 


carcinoma. In addition, angiography was 
suggestive of hepatic involvement. 


M, Viamonte, Jr., M.D. 

Department of Radiology 

University of Miami School of Medicine 
Miami, Florida 33136 
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PULMONARY MANIFESTATIONS OF TUBEROUS 
SCLEROSIS* 


By ROBERT D. MILLEDGE, M.D.,t BARRY E. GERALD, M.D.,t and 
WILLIAM J. CARTER, M.D. 


LITTLE ROCK, ARKANSAS 


UBEROUS sclerosis, although pri- 

marily considered a cause of mental 
retardation, affects many organs other than 
the central nervous system. The manifesta- 
tions in the brain, kidney and bones are 
not uncommon; however, the pulmonary 
changes are much less frequent. Few pa- 
tients with pulmonary changes have had 
postmortem studies. Accordingly, we are 
presenting a case report of a patient with 
extensive, and rather unusual, pulmonary 
lesions with postmortem findings. 


REPORT OF A CASE 


This 24 year old white woman was referred 
to the University of Arkansas Medical Center 
with a history of a 20 to 30 pound weight loss 
over the past 6 months. Hematuria had been 
present for 3 weeks prior to admission. An older 
sister stated that the patient had seizures dur- 
ing the first 2 years of life but none subse- 
quently. Because of mental retardation, she was 
unable to attend schoo] but cared for herself 
reasonably well. Nine siblings were described as 
normal by the sister with specifically no history 
of mental retardation. 

The patient appeared chronically ill. Mental 
deficiency was obvious but she could answer 
simple questions. A fine nodular rash overlay 
the skin of the nose and around the chin. Small, 
brown, cutaneous masses were present over the 
right eyelid and the outer margin of the left 
canthus. Examination of the retinae was inade- 
quate. Rales and rhonchi were present over 
both lung fields. The liver was moderately en- 
larged. An ill-defined mass without a definite 
lower border was present in the left upper quad- 
rant. 

The extremities were normal; specifically, no 
ungual fibromas were present. 

Other than mental retardation, the neurologic 
examination was within normal limits. 





hic. r 


Posteroanterior roentgenogram of the chest 
on the day of admission. The lungs are overex- 
panded with an increase in the anteroposterior 
thoracic dimension. Several large cystic areas, 
measuring as much as 7X7 cm., are present in the 
right upper lung field. A diffuse reticular pattern is 
present in both lower lung fields with an appear- 
ance of multiple small cysts, the so-called ‘“honey- 
comb lung.” The bones of the thoracic cage appear 
normal. 


Hemoglobin was 9.0 gm. per cent. Two plus 
proteinuria and 8 to 12 leukocytes per high 
power field were present on examination of the 
urine. The blood urea nitrogen was 25 mg. 
per cent. 

A diagnosis of tuberous sclerosis with mod- 
erately severe mental retardation was made. 

The patient’s condition remained good until 
the third hospital day when she suddenly devel- 
oped severe left flank pain and hypotension. She 
expired within 1 hour in shock. 

Roentgenographic Findings. The roentgeno- 
graphic findings are shown in Figures 1 through 
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lic. 2. Excretory urogram performed on the second 
day after admission. Large masses fill the abdom- 
inal cavity. The kidneys function well but the 
calyceal systems are markedly stretched and elon- 
gated. The left calyceal system is displaced infer- 
iorly, extending into the lower abdomen and pelvis. 




























5. We consider these findings characteristic of 
the osseous, renal and pulmonary manifesta- 
tions of tuberous sclerosis. 

Postmortem Findings. The peritoneal cavity 
contained approximately 350 cc. of blood, 
largely in the pelvis. 

The left kidney filled the Hank, measured 
30X17X15 cm. and weighed 4.3 kilograms. 
The upper two-thirds of this kidney was re- 
placed by a large, yellowish-tan, irregularly 
lobulated tumor extending through the cortex. 
Within the tumor were extensive areas of old 
and recent hemorrhage. Similar but smaller 
tumor masses were present in the right kidney. 
The perirenal tissues were not invaded by the 
neoplasm. 

On microscopic examination, the renal tumors 


liG. 3. (4 and B) Pelvis and lumbar spine. Small ill-defined areas of increased density are present throughout 
the bony pelvis and in the vertebral bodies of the lumbar spine. 
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ic. 4. Feet. There is cortical thickening with wavy 
margins in the shaft of the right second metatar- 
sal. A well-healed fracture is present in the shaft of 
the right fifth metatarsal. 


were found to contain large numbers of pleo- 
morphic spindle cells with admixed islands of 
mature fat cells. Angiomatous areas containing 
thick-walled, blood-filled vessels were also con- 
spicuous. The tumors were sharply demarcated 
from the normal parenchyma. No blood vessel 
Invasion was apparent. 

Scattered throughout both lungs were innu- 
merable small cysts measuring I to 8 mm. in di- 
ameter (Fig. 6). The cysts contained air, but, 
grossly, did not appear related to the branches 
of the tracheobronchial tree; however, on mi- 
croscopic examination, some of the cysts were 
found to communicate with small bronchioles. 
Large subpleural blebs were present over the 
lateral aspect of the right upper and right mid- 
dle lobes. The pleural space was obliterated by 
dense, fibrous adhesions. 

Microscopic examination revealed that most 
of the small cysts had no apparent epithelial 
lining although some were lined in part by 
cuboidal and columnar epithelium. The walls 
of some cysts contained bands of smooth muscle 
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cells. The cysts were bounded by distorted al- 
veolar septa and atelectatic alveoli. Many alve- 
olar spaces were lined by metaplastic cuboidal 
cells. Many alveoli were filled with hemosiderin- 
laden macrophages and a few contained edema 
fluid. Some alveolar septa were thickened by 
heterogenous cells having round, ova! or elon- 
gated nuclei. The cells with round nuclei resem- 
bled pulmonary macrophages, similar to the 
macrophages seen in the alveolar spaces. 

The gyri of the cerebral hemispheres con- 
tained multiple firm nodules measuring I to 1.5 
cm. in diameter. A I cm. in diameter nodule 
was found in the right caudate nucleus and sim- 
ilar smaller nodules were present beneath the 
ependyma of both lateral ventricles. Micro- 
scopically, the cortical lesions displayed gliosis, 
increased number of astrocytes and disorienta- 
tion of pyramidal cells. The subependymal le- 
sions were characterized by nests of large 
polyhedric cells with eccentric nuclei sur- 
rounded by sworls of glial fibers. The largest of 
these contained microscopic foci of calcification. 

Small hamartomata were found in the thyroid 
and liver as well as in the gastric mucosa. No 
cardiac tumors were present. Attempts to bi- 
opsy the sclerotic areas in the lumbar vertebrae 
were unsuccessful. 

The pathologic diagnosis was tuberous scle- 
rosis with widespread hamartomata. The cause 
of death was acute, massive intra-abdominal 
hemorrhage from the tumor mass in the left 
kidney. 





Fic. 5. The skull is normal. Specifically, there are 
no intracranial calcifications or sclerotic areas in 
the bony tables. 
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Frc. 6. Photograph of the cut gross lung specimen at autopsy. Multiple cysts of varving 
size are scattered throughout the entire lung. 


DISCUSSION 

The roentgenographic manifestations 
usually described are those which mirror 
the common pathologic changes; intra- 
crantal calcifications, sclerotic areas in the 
bony tables of the skull and intrarenal 
masses. However, other organ systems may 
also have roentgenographically demon- 
strable changes. 

The roentgenographic manifestations fall 
into 4 general areas: 

I. Cerebral: intracranial calcifications 
and pneumographic evidence of intraven- 
tricular tumors, with ventricular obstruc- 
tion in some patients, are often present.!! 

2. Bony: patchy areas of increased 
density in the skull, vertebrae, pelvis and 
long bones may be present. These often 
mimic osteoblastic metastases.!! Subperi- 
osteal new bone formation and cyst-like 
lesions are found in the metatarsals, meta- 
carpals and phalanges.4: 8.10.1 

3. Visceral: hamartomas are usually 
found in the kidneys” but have been re- 
ported in almost all organs. 

4. Pulmonary: pulmonary involvement 
was first described by Berg and Vejlens? 


in 1939 with a second article by Berg and 
Zachrisson? appearing in 1941. Dawson’ has 
extensively reviewed the clinical aspects of 
pulmonary tuberous sclerosis. Presenting 
symptoms in his cases were spontaneous 
pneumothorax, pulmonary insufficiency 
and cor pulmonale. Although the skin and 
cerebral features are noted usually in child- 
hood, the pulmonary manifestations are 
recognized later. The youngest patient de- 
scribed by Dawson with symptoms refer- 
able to the lungs was 30 years old. Dyspnea 
had been present from I to 11 years in his 8 
fatal cases. Ackermann,! in 1944, described 
a patient with an interstitial pulmonary 
infiltrate and bone lesions. In the light of 
present knowledge, this case almost cer- 
tainly represents histiocytosis X rather 
than tuberous sclerosis. 
Roentgenographically, the lung changes 
are those of interstitial infiltration. The 
pulmonary changes are rarely associated 
with intracranial calcifications but bone 
changes are almost universally present.® 
Furthermore, the lung changes may be 
present in a patient with incomplete clinical 
manifestations of the disease. The differen- 
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tial diagnosis roentgenographically lies 
among those diseases causing a diffuse in- 
terstitial infiltrate.? Histiocytosis X, sar- 
coid, scleroderma and idiopathic interstitial 
fibrosis are the more common processes 
presenting a similar roentgenographic ap- 
pearance. 

Early changes are a reticular infiltrate 
which progresses to “honeycombing” (the 
term is used here in a radiologic rather than 
pathologic sense). Spontaneous pneumo- 
thorax is common. Large cysts, as present 
in this patient, are uncommon. Bronchog- 
raphies have been done, but filling of the 
cystic spaces has not been demonstrated in 
tuberous sclerosis.* This is in marked con- 
trast to polycystic lung or bronchiolar dila- 
tation with muscular hyperplasia.’ 

The pathogenesis of the lung changes is 
obscure. Most of the patients described 
with lung changes have shown findings 
similar to our patient in that multiple 
cysts are present, separated by areas of 
fibrosis and particularly characterized by 
hyperplasia of the smooth muscle cells in 
the alveolar walls. 

The relationship of tuberous sclerosis to 
so-called muscular hyperplasia of the lung 
existing as an independent entity is not 
clear.** It would appear, however, that 
these cases do not represent an incomplete 
manifestation, or forme fruste, of tuberous 
sclerosis. 


SUMMARY 


A patient with the typical clinical, roent- 
genographic and pathologic features of 
tuberous sclerosis is reported. Pulmonary 
involvement was extensive, a rare finding 
in tuberous sclerosis. The pulmonary in- 
volvement is indistinguishable from other 
causes of interstitial fibrosis. However, 
bony changes of sclerosis, periosteal new 
bone formation and cysts are almost in- 
variably associated with the pulmonary le- 
sions. Conversely, intracranial calcifica- 
tions are rarely associated with pulmonary 
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involvement. The complete clinical syn- 
drome may not be present in all patients 
with pulmonary involvement. 


Robert D. Milledge, M.D. 
Department of Radiology 
University of Kentucky 
Lexington, Kentucky 
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ROENTGENOGRAPHIC FINDINGS IN THE RENAL 
LESION OF TUBEROUS SCLEROSIS 


By ALEXANDER D. CROSETT, Jr., 


M.D. 


SUMMIT, NEW JERSEY 


HE entity known as tuberous sclerosis 

was first described by Bourneville in 
1880 as a triad of epilepsy, mental retarda- 
tion and adenoma sebaceum. The name de- 
rived from curious tuber-like neuroglial 
proliferations in the cerebral cortex and 
subependymal areas of the ventricles. Since 
that time, the disease has been further de- 
fined in all its ramifications in the litera- 
ture as an inherited disorder exhibiting a 
varied spectrum of severity and manifest- 
ing multiple hamartomatous lesions in vari- 
ous organ systems. 

In recent months, 2 striking instances of 
renal involvement in tuberous sclerosis 
have been encountered which evidenced 
sufficiently characteristic roentgenographic 
signs that the diagnosis could be suggested 
with considerable confidence. These fea- 
tures of renal involvement in tuberous 
sclerosis have been little emphasized in the 
radiolegic literature in the past and are felt 
to be worthy of report. 


REPORT OF CASES 


Case t. R. R., a 36 year old white female, 
was first admitted to Overlook Hospital with a 
chief complaint of abdominal pain. 

One month prior to admission, she had been 
kicked in the abdomen by her mentally retarded 
6 year old son while dressing him. There ap- 
peared subsequent increasingly severe right- 
sided abdominal pain, urinary frequency and 
constipation. Two weeks prior to admission, a 
right lower quadrant mass was palpated which 
increased slightly in size. In the 2 days prior 
to admission, flecks of blood were noted in the 
urine. 

At 3 years of age, the patient had had her 
first convulsive seizure; this did not recur until 
her sixth vear, after which time the seizures oc- 
curred sporadically until the age of 12 years, 
when they ceased and never recurred, without 
the use of medication. The diagnosis of tuberous 
sclerosis was first made at the Neurological 


Institute of New York at the age of 6 years. 
She 1s of average intelligence and had completed 
high school without difficulty. Her parents were 
free of the disease, but a maternal grandmother 
had had an angiomyolipoma of the kidney re- 
moved in 1948 at 81 years of age. One mentally 
retarded cousin of her mother’s is known to be 
alive in his sixth decade. The patient’s 6 year 
old son had been under care since shortly after 
birth when generalized seizures began. He is 
severely retarded and now is institutionalized 
with an established diagnosis of tuberous scle- 
rosis, 

On physical examination, an 8X10 cm. 
smooth, tender, firm, movable mass was felt. 
The left kidney felt enlarged as well. Multiple 
sebaceous adenomas of the face were noted. 

Urinalysis showed a 1+ albuminuria and in- 
numerable red blood cells per high power field. 
The blood urea nitrogen was 14.5 mg. per cent, 
and phenolsulfonphthalein excretion was 7 per 
cent in the first hour and 17.5 per cent in the 
second hour. 

Excretory urograms (Fig. 1) and nephroto- 
mograms (Fig. 2) demonstrated enlarged mot- 
tled kidneys with pelvocalyceal distortion and 
multiple iucencies in the kidney parenchyma. 
Skull roentgenograms (Fig. 3) demonstrated 
intracerebral calcification and chest roentgeno- 
grams (Fig. 4) showed the pattern believed 
characteristic of tuberous sclerosis. 

At laparotomy, a very large mass was found 
to be present at the lower pole of the right 
kidney. On frozen section, this was felt to be 
a liposarcoma, and a right nephrectomy was 
done. 

The right kidney weighed 584 gm. 

The serosal surface was irregularly mottled 
and yellow-brown in color. On cut section, there 
were numerous greasy yellow tumors scattered 
throughout the parenchyma, replacing at least 
75 per cent of it, the masses measuring from 
O.I to 6.¢ cm. in dimension (Fig. 5). A large 
hematoma was present in the lower pole. 

The microscopic sections were reviewed by a 
number of pathologists, their opinion in con- 
sensus being that this was a benign angiomyo- 
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lic. 1. Case 1. Excretory urogram. The renal out 
lines are enlarged, ill-defined and mottled by in- 
numerable lucencies. Pelvocalyceal distortion of a 
type similar to polycystic disease is seen. Note 
multiple areas of increased osseous density in the 
pelvis and vertebral pedicles. 


lipoma, despite a distinct increase in lipoblastic 
activity, which had led to the frozen section di- 
agnosis of liposarcoma. 

The patient recovered uneventfully, and was 
discharged on the 11th postoperative day. She 
has had no further difficulty. 


Case m. V.F.,a 55 year old white unmarried 
female librarian, was admitted to Overlook 
Hospital for the first time with a chief com- 
plaint of hematuria. 

Two weeks prior to admission, she had noted 
the sudden onset of total painless hematuria, 
without clots. There was no dysuria, urgency, 
frequency or flank pain. Cystoscopic examina- 
tion demonstrated blood coming from the right 
ureteral orifice. No bladder lesion was seen. 
Roentgenographic studies elsewhere (Fig. 6 and 
7) had demonstrated a mass lesion in the upper 
pole of the right kidney, deforming the right 
collecting system. 
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lic. 2. Case 1. Nephrotomogram. Pericalyceal and 
parenchymal fat distribution is evident in both 
kidneys, the lesions varying greatly in size. 


There was no history of nervous or mental 
disease; no family history of such illness could 
Both parents had died in their 
eighth decades of unrelated illness. 

On physical examination, no masses could be 
felt; there were no significant physical findings 
save for multiple facial sebaceous adenomas. 
Additional roentgenographic study was not un- 
dertaken in this instance. 

On August 10, 1964, a right nephrectomy was 
done. A 6 cm. lobular tumor replaced the upper 
pole of the right kidney, its cut surface exhibit- 
ing a rubbery, yellowish-gray appearance, with 
focal areas of congestion. On microscopic exam- 
ination, the lesion proved to be an angiomyo- 
lipoma. 


be elicited. 





Fic. 3. Case 1. Multiple calcifications are noted in 
the brain, presumably in the wall of the lateral 
ventricles. 
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hic. 4. Case 1. Detail of left lung. Theclassic reticu- 
lar distribution of the lesions of tuberous sclerosis 
in the lung is well demonstrated. 


The patient has remained well since, without 
recurrence of urinary tract symptoms. 


DISCUSSION 


The incidence of renal hamartomas or 
angiomyolipomas has been variously esti- 
mated at from şo to 89 per cent of in- 
stances of tuberous sclerosis; conversely, 
it is estimated that 50 per cent of all renal 
hamartomas occur in patients with tuberous 
sclerosis.!™!819 Khilnani and Wolf" re- 
ported 6 cases of renal hamartolipoma in 
which there was no associated tuberous 
sclerosis, while the urologic literature is 
replete with reports of angiomyolipomas of 


aas 


Fic. 7. Case 11. Excretory urogram. Downward dis- 
placement of the right collecting system is noted. 
The lucent character of the tumor becomes more 
obvious and is less readily confused with inter- 
vening densities. 
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'ic. 5. Case 1. Cut section of the right kidney shows 
the multiple fat bearing lesions of the kidney, with 





a recent area of hemorrhage in the lower pole. 





lic. 6, Case u. A preliminary plain roentgenogram 
shows suspicious radiotranslucency in the upper 
pole of the right kidney and expansion of the 
upper pole. 
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the kidney, the great majority of which 
occurred in instances of tuberous sclerosis. 
2,8,11,12,15,20,21,25 

The tumors are composed of blood ves- 
sels, smooth muscle and adipose tissue, and 
have been variously classified as angiolipo- 
mas, myolipomas or angiomyolipomas, 
depending upon the predominant histologic 
elements; they vary from microscopic to 
enormous size and are frequently bilateral 
in tuberous sclerosis.!® Growth of the le- 
sions is slow; occasional episodes of infarc- 
tion and hemorrhage may result in their 
sudden enlargement and in hematuria or 
flank pain, prompting urgent clinical in- 
vestigation. Malignant degeneration is said 
to be rare.* 17.27 Reports of liposarcomas of 
the kidney®!°%> have been questioned in 
recent years!’ as to their accuracy in view 
of long follow-up on certain cases. One such 
case of liposarcoma of the kidney in a young 
woman afflicted with tuberous sclerosis 
was reported by Fish and McLaughlin? in 
1946. This case has been personally re- 
viewed by the author and verified as having 
later died of liposarcoma involving the 
retroperitoneal space 5 years after the ini- 
tial report, the postmortem slides having 
lately been reviewed by several patholo- 
gists. Indeed, there was considerable con- 
cern about the tissue diagnosis in Case I 
where much lipoblastic activity was noted. 
The consensus of opinion among several 
consultants was that this was a mesenchy- 
mal tumor similar to those described by 
Stout™ but of a benign nature, best fitting 
the classification of angiomyolipoma. 


ROENTGEN FEATURES 


On plain roentgen examination, the most 
striking finding is the presence of enlarged 
renal images in which one or more ill-de- 
fined radiotranslucent areas of fat density 
are seen. These result in a mottled ap- 
pearance of the renal shadow which is 
usually ill defined in all or a portion of its 
border. On excretory urograms, the lesion 
may present as a mass displacing or dis- 
torting the renal collecting system (Fig. 7). 
More characteristic is an attenuation and 
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spreading apart of the calyces resembling 
the appearance of polycystic disease (Fig. 
1). This appearance is due to the presence 
of multiple angiomyolipomas in the renal 
parenchyma which are fat bearing.1®* 
Tomographic and nephrotomographic 
study makes more clearly manifest the 
striking pattern of fat distribution in the 
kidney (Fig. 2). This has been shown in a 
prior instance by Emmett® in a solitary 
angiomyolipoma, but the significance of the 
relative radiotranslucency of the lesion 
was misinterpreted as being due to infarc- 
tion. 

Other roentgenographic findings in tu- 
berous sclerosis have been previously de- 
scribed in detail. Multiple areas of in- 
creased density in the skeleton, occurring 
in any bone including the vertebral bodies, 
pedicles and the skull, are believed to rep- 
resent osteomas, again of a hamartomatous 
nature.47-1%14 Much interest has been 
focussed on the pulmonary lesion in tuber- 
ous sclerosis;!.3:5- this is well demonstrated 
in Figure 3. The reticular appearance of the 
lung is due to smooth muscle and vascular 
proliferation delimiting multiple cystic 
areas lined by cuboidal epithelium. The 
focal neuroglial proliferations described as 
the earliest lesion may calcify and betray 
their presence (Fig. 4). These may become 
the sites of true gliomatous proliferation; if 
strategically situated, as in the periaque- 
ductal area, they may cause death.}*19 

All or some of these lesions may be de- 
monstrableroentgenographically. A number 
of clinical signs of interest is, of course, to 
be found; chief among these is the mis- 
named adenoma sebaceum of the facies, 
which is truly angiomyolipomatous change 
in the skin. Shagreen patches, in various 
areas of the skin, retinal phacomas, sub- 
ungual fibromas and occasional lenticular 
opacities are noted as well. 


CONCLUSIONS AND SUMMARY 


The presence of a tumor mass or masses 
of an ill-defined yet radiotranslucent na- 
ture in one or both kidneys, perhaps as- 
sociated with pelvocalyceal distortion, or 
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the presence of multiple mottled lucencies 
in an expanded poorly defined renal image, 
the collecting system of which resembles 
that seen in polycystic disease, should sug- 
gest the presence of angiomyolipomatous 
change in the kidney parenchyma. Coupled 
with other roentgenographic signs in the 
lung, brain and skeletal system, these find- 
ings should indicate the presence of tuber- 
ous sclerosis. 

Since many lesions present initially as a 
urologic problem, it may be possible to 
avoid a useless nephrectomy since malig- 
nant degeneration in these lesions is quite 
rare and the involvement is often bilateral. 
Nephrotomographic study is of considera- 
ble importance in clearly defining the 
structural alterations in the kidney. 
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INCREASED THICKNESS OF THE FIBULA IN 
DUCHENNE MUSCULAR DYSTROPHY* 


By VIVIAN J. HARRIS, M.D.,t and WILLARD S. HARRIS, M.D.t 
COLUMBUS, OHIO 


ECENT SENE of clinical, genetic 
and biochemical criteria have made 
classification of the muscular dystrophies 
more precise. The major subgroups are:!%}} 


1. Duchenne muscular dystrophy 
(a) sex-linked recessive 
(b) autosomal recessive 
2. Limb girdle muscular dystrophy 
(a) autosomal recessive 
(b) sporadic 
3. Facioscapulohumeral muscular dys- 
trophy 
(a) autosomal dominant 


The Duchenne variety, also called pro- 
gressive or pseudohypertrophic muscular 
dystrophy, is the most severe and frequent 
subgroup. It is usually inherited as a sex- 
linked recessive trait which is transmitted 
by asymptomatic female heterozygote 
“carriers” and which produces clinical in- 
volvement only in males. The disease begins 
early in childhood with clumsiness in walk- 
ing, frequent falling and difficulty in climb- 
ing stairs. The disease progresses steadily, 
involving both lower and upper extremities, 
and leading to contractures of the Achilles 
tendon and the knee and elbow joints. 
Limb girdle dystrophy affects either sex, 
beginsin the second decade or later, and 
usually follows a milder course. Facio- 
scapulohumeral or Landouzy-Déjerine dys- 
trophy involves the facial muscles at first 
and the shoulder and pelvic girdle muscu- 
lature later. 


REVIEW OF THE LITERATURE 


Since 1873, when Friedreich? described 
the first autopsy findings in an 18 year old 
boy with muscular dystrophy, skeletal de- 
formities have been reported several times, 
including scoliosis of the spine, narrowing of 


TABLE I 


PATIENTS EXAMINED 





No. of Patients 


Diagnosis 
Muscular Dystrophy 
Duchenne 25 
Limb Girdle ï 
Facioscapulohumeral I 
Other Neurologic Disorders 19 
Normal 51 
Total 99 


the shafts of long bones, rarefaction of the 
shafts and heads of long bones, hypoplastic 
scapulae, coxa valga, and short vertical 
rami of the mandible. The pathogenesis of 
these osseous abnormalities is unknown buz 
until recently they were generally consid- 
ered not to be due to muscle inactiv- 
ity.1-34.5,.7,.8914 The finding of similar 
changes in the long bones of 4 cases of polio- 
myelitis and 2 of dermatomyositis have led 
Walton and Warrick" to suggest that the 
skeletal abnormalities are secondary to 
disuse, to absence of normal stress on the 
osseous attachments of muscles and to the 
postural deformities resulting from muscle 
weakness and contractures. In 1963 Kauf- 
mann§ reported an unusual widening of the 
fibula in its anteroposterior diameter in 9 
patients with pseudohypertrophic muscula- 
dystrophy, ages 7 to 17 years. 


MATERIAL AND METHODS 


Ninety-nine patients are included in this 
survey (Table 1). The 29 patients with mus- 
cular dystrophy comprized 25 with the 
Duchenne type, 3 with limb girdle and -< 
with facioscapulohumeral dystrophy. In all 
dystrophy patients anteroposterior and 


* From the Departments of Radiology and Medicine, Ohio State University Hospitals, Columbus, Chio, 


+ Assistant Professor of Radiology. 


t Assistant Professor, Department of Medicine, Division of Cardiology. 
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TABLE I] 


MEAN VALUE OF FIBULA/TIBIA (F/T) RATIO 


Other Neu- 
Duchenne 


D i romuscular | Normal 
vstrophy ; 

YEWOPI Disorders | 

b J O.77+0.16 | 0.500.111 rtg O: 07 
No. of 

Patients 25 lg SI 


lateral roentgenograms of both tibiae and 
fibulae, a posteroanterior roentgenogram 
of the chest and posteroanterior and lateral 
roentgenograms of the skull were made. 
Additional roentgenograms of other parts 
of the skeleton were taken when indicated 
clinically. Each patient had a history and 
physical examination, 12-lead electro- 
cardiogram and serum creatine phospho- 
kinase determination. 





Fic. 1. (4) Lateral and (B) anteroposterior roent- 
genograms of the tibia and fibula in an 8 year old 
boy with Duchenne muscular dystrophy verified 
by a myopathic electromyogram. Symptoms be- 
gan at the age of 1 year. The fibula is thickened in 
lateral view although normal in frontal view. 


Duchenne Muscular Dystrophy 
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liG. 2. Lateral view of tibia and fibula in a 17 year 
old boy with proven Duchenne muscular dystro- 
phy. He is in a wheel chair. The fibula is thickened 
throughout most of its shaft. 


For comparison, studies were also per- 
formed in 19 patients with the following 
neuromuscular disorders: Werdnig-Hoft- 
mann polymyositis, Charcot- 
Marie-Tooth disease, myotonia dystroph- 
ica, and hereditary proximal spinal mus- 
cular atrephy. Lateral roentgenograms of 
the tibia and fibula were also obtained in §1 
subjects (ages I-23 years) who were free of 


disease, 


neurologic disease. These subjects were 
trauma cases and normal siblings of affected 
patients. 

Lateral roentgenograms of the leg were 
used to determine the fibula/tibia (F/T) 
ratio, which was calculated as the widest 
anteroposterior diameter of the fibula 
divided by the smallest anteroposterior 
diameter of the tibia. 
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Many Affected 
Males on 
Maternal Side 


Fia. 3. Findings in 3 patients with Duchenne muscular dystrophy. 
(¢)= carrier state determined by abnorm 
electrocardiogram; EMG=electromyogram; F/T ratio= fibula 


present case. ( )= females. 
CPK-= creatine phosphokinase; EKG = 
/tibia ratio. 


RESULTS AND DISCUSSION 


Twenty-five patients were diagnosed as 
having Duchenne muscular dystrophy on 
the basis of clinical course, myopathic elec- 
tromyogram, elevated serum creatine phos- 
phokinase and, in selected cases, muscle 
biopsies. Their ages ranged from 2 to 21 
years. The patients with limb girdle and 
facioscapulohumeral dystrophies are con- 
sidered separately. 

The group with Duchenne dystrophy had 
an F/T ratio (mean +1 standard deviation) 
of 0.77+0.1§ compared with 0.§9+0.11 
for the group with other neuromuscular 
disorders and 0.58 +0.07 for the normal 
controls (Table 11). 

The widening of the fibula in lateral view 
involves most of the diaphysis. The tibia 
may be narrowed concomitantly, probably 
through atrophy. As a result, the widest 
diameter of the fibula in a lateral view may 
equal and occasionally exceed the narrowest 
diameter of the tibia. In the anteroposterior 
view the normal relationship of the tibia 
and fibula is preserved. Figure 1, 4 and B, 
demonstrates the thickened shaft of the 
fibula in an 8 year old boy with Duchenne 
muscular dystrophy. He is still able to walk 
but falls frequently and cannot dorsiflex his 
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AGE OF FAMILY 
PATIENT HISTORY CPK 





Abnormal >0.70 


Normal < 0.66 
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ABNORMAL 


EKG F/T RATIO 


Myopathic 
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foot. The anteroposterior roentgenogram is 
normal. Figure 2 is a lateral roentgenogram 
of the leg of a 17 year old boy. The diaphy- 
sis of the fibula is widened in relation to the 
tibia and, in addition, tne neck of the fibula 
is narrowed. Figure 3 shows the data from 3 
typical patients with proven Duchenne 
muscular dystrophy. 

An F/T ratio above 0.70 is definitely 
abnormal, between 0.66 and 0.70 is border- 
line, and 0.6 5 or below is normal. Table u 
compares the F/T ratios in Duchenne mus- 


Tasis HI 
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No. of Patients 


F/T Ratio Duchenne Other Neuro- 
Muscular muscular 
Disorders 


Dystrophy 
3 


Borderline 
0.66-0.70 


Total 


Vor. 98, No. 3 


Duchenne Muscular Dystrophy 747 





liG. 4. (4-C) Lateral roentgenograms of the tibia and fibula. The 2 children in B and C, ages 12 and 13 
years, are affected with hereditary proximal spinal atrophy. The roentgenogram in Æ is of their normal 
sibling, aged g years. The fibulae in the affected children are atrophied. 


cular dystrophy with those in other neuro- 
muscular disorders. The F/T ratio was ab- 
normal in 19 of 25 patients with Duchenne 
muscular dystrophy, and in 3 of 4 with non- 
Duchenne muscular dystrophy. It was nor- 
mal in 13 of 19 patients with other neuro- 
muscular disease and in 49 of 51 controls. 
Six patients with Duchenne muscular 
dystrophy had normal F/T ratios. One of 
these had far advanced disease. Four others 
were below the age of 5 years and the re- 
maining patient was the only girl with 
Duchenne dystrophy, presumably of the 
autosomal recessive variety. The possibility 
that the F/T ratio is an age-related variable 
was tested, in part, as follows. The normal 
controls were divided by age into two 
groups. Twenty-five subjects were I to 12 
years old, 26 were 13 to 23 years old. The 
F/T ratios of these two groups were not 


significantly different by Student’s t test. 
In the 3 patients with limb girdle dys- 
trophy, the F/T ratio was abnormal in 2 
and borderline in 1. The one patient with 
facioscapulohumeral dystrophy had a nor- 
mal F/T ratio despite pseudohypertrophy 
of the gastrocnemius muscles. These 4 pa- 
tients walked not being severely affected. 
The value of these measurements is 
demonstrated by the findings in a family 
attected with hereditary proximal spinal 
muscular atrophy® (Fig. 4, 4, B and G). 
Although 4 children had muscle atrophy 
and contractures clinically indistinguish- 
able from those seen in muscular dystrophy, 
their F/T ratios were normal. Neuropathic 
electromyograms and normal levels of 
serum creatine phosphokinase confirmed 
the diagnosis of neurogenic myopathy. 
Muscular dystrophy patients tend to 
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have a thickening of the fibular shaft in an 
anteroposterior direction, while normal 
subjects and patients with other neuro- 
muscular diseases do not. A reasonable, 
but unproven, pathogenetic factor may be 
the selectivity of muscle groups affected in 
early dystrophy. The gastrocnemius is 1n- 
volved early while the dorsiflexors of the 
toes, which take origin from the fibula, are 
maintained until late in the disease. Pos- 
sible evidence against this explanation 1s 
the frequent finding of a thickened fibula 
in early cases of dystrophy exhibiting only 
a small loss of muscle strength as well as in 
patients with far-advanced disease. 

Thus, determination of the F/T ratio ap- 
pears to be of definite value in the diagnos- 
tic work-up for Duchenne muscular dys- 
trophy. 


SUMMARY 


1. A frequent finding in Duchenne mus- 
cular dystrophy is increased thickness of 
the fibula in an anteroposterior direction, 
usually involving most of the diaphysis. 

2. The relationship between the fibula 
and tibia may be expressed as the fibula/ 
tibia (F/T) ratio. An F/T ratio above 0.70 
is abnormal. 

3. The fibula is normal in children with 
Duchenne muscular dystrophy who are 
under the age of § vears. 

4. The F/T ratio in limb girdle dystro- 
phy often is also abnormally large. 


Vivian J. Harris, M.D. 
Department of Radiology 

Ohio State University Hospitals 
410 West roth Avenue 
Columbus, Ohio 43210 
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UPRIGHT PLANIGRAMS IN PNEUMO- 
ENCEPHALOGRAPHY 


By GOMER W. 


ROBERTS, 


M.D. 


FORT WORTH, TEXAS 


N THE brilliant textbook “Diagnostic 
Neuroradiology,” by Taverasand Wood, 
many challenging suggestions are presented 
for the conduct of a pneumoencephalo- 
graphic procedure. It is suggested that 
detail of the anatomy of the posterior fossa 
is best demonstrated early in the study 
and that filling of these structures is usually 
best shown if roentgenograms can be ob- 
tained with the patient in the upright po- 
sition. It 1s also suggested that if plani- 
graphic equipment is available it should 
produce clearer definition of midline struc- 
tures. 

Most x-ray departments have plani- 
graphic equipment, but its adaptation to 
upright work is usually either not possible 
or difficult at best. Further, in order to use 
conventional planigraphy with the patient 
in some form of upright support for pneu- 
moencephalography, there is a substantial 
distance between the mid-line of the skull 
and the plane of the Alm within the Bucky 
tray. A patient undergoing pneumoenceph- 
alography usually is not able to co-operate 
fully and substantial stabilizing equipment 
is necessary to immobilize the patient dur- 
ing planigraphy. A patient secured in a 
somersault pneumoencephalographic chair 
in upright position presents an ideal op- 
portunity for planigraphy during early 
filling. An attempt was made to construct 
a simple planigraphic attachment specifi- 
cally to work with a conventional ceiling- 
mounted roentgenographic tube and a 
somersault pneumoencephalographic chair. 
This simple machine is the subject of this 
report. 


DESIGN AND CONSTRUCTION 


The four elements of the manually-op- 
erated planigraphic device are shown in 
Figure 1. These components are not preci- 
sion pieces of equipment. They could be 





FIG. 
tachment: (1) Fulcrum support plate; (2 
sette carrier track: 
planigraphic arm. 


1. Components of the upright planigram at- 


) Cas- 
(3) cassette carrier; and (4) 


fabricated in a moderately well equipped 
home work shop where the most sophisti- 
cated eculpment needed would be a drill 
press and an arc welder. The only operation 
requiring skilled machining is the cutting of 
the slots for the fulcrum bearing. This 
operation can be subcontracted to any ma- 
chine shop at a token fee. 

The fulcrum slots were cut so that plani- 
grams literal to the mid-line are possible. 
The slots can be extended as far as desired 
so that upright planigrams may be obtained 
at any level throughout the entire skull. 


OPERATION 


The fulcrum support plate is placed in 
the rear of the head holder device and 
fastened with the thumb screws. This ful- 
crum support and the planigraphic arm 
usually are not disassembled and are re- 
moved from the machine as a single unit. 
The cassette carrier and the cassette carrier 
track are left coupled together. These two 
pieces are slipped into the head holder in 
the slots ordinarily occupied by a cassette 
during routine roentgenography. The base 
plate of the cassette carrier track is built 
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Fic. 2. Machine assembled and installed on head- 
supporting device of somersault pneumoencephalo- 
graphic chair. 


to the same dimensions as a 10X12 inch 
cassette. It is perhaps even better if it is 
slightly oversized so that it requires a mild 
degree of force to insert it. This would pre- 
vent anv undesired movement of the track 
during the planigraphy. The planigraphic 





Fic. 3. Planigraphic machine in operation (Student 
X-ray Technician in the chair as a model). 
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arm is coupled to the cassette carrier by 
the single thumb screw. In our particular 
operation two additional thumb screws are 
used to fasten the planigraphic arm to the 
ceiling-mounted roentgenographic tube 
housing. The completed assembly is shown 
in Figure 2. A stationary grid is used and it 
is oriented with the center line of the grid 
in a vertical direction. This allows the cen- 
tral ray to follow the center line of the 
grid during the planigraphy. 

After the injection cf to to 20 cc. of air 
into the lumbar subarachnoid space, a 
planigraphic cut is made. More are made 
as small increments of air are added at 
the discretion of the neurosurgeon. The x- 
ray technician moves the ceiling mounted 
tube manually through an arc which 
measures between 3 and 4 inches (Figure 
3). Arcs of greater length than this have 
tended to produce considerable blurring ot 
the detail of the mid-line structures, as well 
as more lateral structures. Good clean detail 
is achieved with even a small arc of 3 inches 
tube travel. Although many techniques 
would work, we have used about 2 seconds 





Fic. 4. Mid-line planigram showing good detail of the 
mid-line ventricula> anatomy. 
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to complete the are with about 15 ma. at 
74 kv. for a normal skull. With only a few 
minutes practice, an x-ray technician can 
carry the tube through a smooth arc so 
that the tube travels the proper distance 
within the desired time, in our 
seconds. 


Case: 2 


DISCUSSION 


The planigrams obtained with the use 
of the manually operated planigraphic de- 


vice have usually shown excellent detail of 


the fourth ventricle, aqueduct, and posterior 
third ventricle (Fig. 4). Filling is routinely 
done with the head well flexed. This usu: lly 
results in a fluid level obliquely across the 


third ventricle, but with good display of 


the anatomy shave and posterior to the 
level of the massa intermedia (Fig. $5). 
There usually is some gas which reaches 


the pontine cistern and the cisterna am- 
biens. The gas in the upper cervical spinal 
canal and the cisterna magna also is well 
demonstrated on the mid-line planigrams. 





liG. 5. Mid-line planigram showing fairly good de- 
tail of mid-line anatomy, especially the posterior 
third ventricle. Note the well developed supra- 


pineal recess. 


Upright Planigrams in Pneumoencephalography 75] 


There is a slightly greater distance from 
the mid-line of the skull to the film than in 
routine reentgenographic table work. It is 
expected that a slight degree of magnifi- 

cation results. It may be necessary in our 

cases to slightly revise the range of normal 
measurements ftor the position of the fourth 
ventricle and aqueduct because of this 
slight magnification. 

It is desirable and at times extremely 
valuable to have an occipital or half axial 
projection of the skull earlv in the pneumo- 
encephi ographic study (7.e., while there 
is still gas in the fourth ventricle, aque- 
duct and third ventricle). For this re 2ason, 
the fulcrum support was constructed with 
no bottom cross member. This allows a film 
to be exposed without bothering to remove 
the planigraphic equipment from the head 
holding device. In our case we have used a 
portable roentgenographic machine rather 
than to uncouple the ceiling tube from the 
planigr aphic arm. This allows planigrams 
and half-axial studies to be obtained very 

early in the procedure to visualize the pos- 
terior fossa structures when they are op- 
timally filled. 

While there is some thrust against the 
chair by the movement of the roentgeno- 
graphic tube in its ceiling carrier, the chair 
is sufficiently heavy, especially when a pa- 
tient is in it, that it does not move during 
the planigr: iphic procedure. 

It is quite probable that a similar plani- 
graphic device could be fabricated to fit 
any roentgenographic equipment. In all 
probability, a similar device could be fab- 
ricated to fit any of the available somer- 
sault pneumoencephalography chairs also. 
There are modifications or alterations of 
this device which have been suggested and 
which do have some merit. It would be de- 
sirable if planigrams could be cut with the 
patient supine or prone while in the pneu- 
moencephalographic chair. Either of these 
last two positions could be technically ac- 
complished fairly easily by minor variation 
of the means of attaching the planigraphic 
arm to the tube. It would seem quite worth- 
while to have a means to cut planigrams 
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with the patient supine and, in this manner, 
the anatomy of the anterior third ventricle 
could be portrayed most clearly. Working 
with the ceiling-mounted tube, a universal 
bracket has not been possible and it will be 
necessary to fabricate two different means 
of coupling the planigraphic arm to the 
ceiling-mounted tube in order to accom- 
plish these two completely different types 
of movement of the tube, one vertical and 
the other horizontal. Perhaps the simplest 
of all might be a coupling arrangement 
whereby the cone of the roentgenographic 
tube is coupled to the fulcrum arm using 
the slots on the face of the cone. A square 
shaped bracket could be fabricated so that 
this could be inserted in the cone for hor- 
izontal or vertical type movement. 

It would be possible to build an electric 
motor drive for the planigraphic attach- 
ment, but doing this would involve a rather 
substantial increase in cost, as well as 
making the instrument considerably more 
bulky and awkward to handle. The present 
device can be removed from the pneumo- 
encephalographic chair in less than 1 min- 
ute and routine pneumoencephalographic 
filming can proceed without undue delay. 
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The amount of radiation received by the 
personnel operating the equipment would 
not be expected to be as high as that 
received when directly performing au- 
totomography and since this ordinarily in- 
volves only 2 or 3 roentgenograms made 
with the technician wearing a lead apron, 
this radiation is not considered a significant 
exposure to technical personnel. At no 
time is the technician exposed to the direct 
beam from the machine. 


SUMMARY 


A manually operated planigraphic de- 
vice is described for use with a somersault 
pneumoencephalographic chair. This device 
is simple in design and could be fabricated 
to fit most upright pneumoencephalo- 
graphic equipment and adjusted to most 
roentgenographic tubes. 

Planigrams obtained with this device 
show excellent detail of the mid-line ven- 
tricular structures. The procedure has 
been most valuable when used during the 
early filling phase of pneumoencephalog- 
raphy. 

1217 West Cannon Street 
Fort Worth, Texas 76104 
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THE RADIOLOGIST’S RESPONSIBILITY 
FOR NEURORADIOLOGY 


HE continuing advancement of inter- 

est in neuroradiology as evidenced by 
the publication of many related articles, 
such as those in this present issue, invites 
radiologists to consider their responsibil- 
ities in this field. In many instances these 
will be shared depending upon the training 
and experience of the physicians involved 
as well as upon the organizational structure 
of the institutions in which persons with 
neurologic diseases are cared for. Examina- 
_ tions of these patients should be designed 
to provide the most useful information for 
the subsequent management of their prob- 
lems consistent with the least risk of mor- 
bidity or mortality. 

Before the advent of the so-called special 
procedures which require certain operative 
techniques, nearly all complex roentgeno- 
graphic examinations were carried out in an 
x-ray department under the supervision of 
a trained, interested radiologist. Procedures 
requiring introduction of needles or cath- 
eters were initiated and to a considerable 
extent developed by physicians more con- 
cerned with surgical disciplines than with 
the formal application of the roentgen ray 
to diagnosis. Enhancement and refinements 
of these examinations now, however, re- 
quire the proper use of expensive, compli- 
cated, and sophisticated roentgenographic 
equipment in addition to the expert opera- 
tive manipulation of apparatus for the 
introduction of foreign materials such as 
opaque contrast solutions and various 
gases. Although in some situations a cer- 
tain rivalry has grown up between radiolo- 
gists and other specialists relative to the 
responsibility for these procedures, it would 
seem that such examinations are sufficient- 
ly complex to require the best efforts of 


several related disciplines in order to pro- 
vide a maximum in service to the patient. 

Persons who are likely to undergo these 
difficult and complicated procedures usu- 
ally should be evaluated by a competent 
neurologist, and thereafter the choice of the 
most rewarding and least hazardous of 
these special studies may be discussed by 
the neurologist, radiologist, and neuro- 
surgeon. Each should be permitted to pre- 
sent his point of view tactfully and courte- 
ously. Because in many instances these 
examinations disclose the necessity of early 
neurosurgical intervention, it is reasonable 
to leave the final choice of the procedure 
required with the neurosurgeon especially 
in the rare situation in which there is an 
unresolved difference of opinion among 
these three specialists. 

Responsibility for the clinical evaluation 
of the patient prior to such examinations 
frequently belongs to the medical neurolo- 
gist although following the roentgenologic 
procedures the neurosurgeon is usually in 
charge. During the time the patient is in 
the radiology department for a specific 
procedure, the radiologist should be pri- 
marily responsible. This, of course, is true 
only if the radiologist is well trained and 
competent in all the aspects of the exami- 
nation to be undertaken. 

These procedures are a combination of 
three different but related functions: opera- 
tive, technical, and diagnostic. One should 
not consider himself competent in the per- 
formance of these examinations unless he is 
accomplished in all three phases. The intro- 
duction of a needle or a catheter into a 
vessel is no more the performance of an 
angiographic examination than is the iso- 
lated interpretation of the films or the 
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proper selection of roentgenographic tech- 
nical factors. In many hospitals at this time 
there ts un forts nately no one physician who 
has been completely trained in these three 
aspects, and therefore it is appropriate that 
particular segments of the examination be 
undertaken by those best qualified in the 
speciic features involved. At the same 
time, unless unusual circumstances super- 
vene, one physician, eae the radiolo- 
gist, aout be in charge so that the exami- 
nation in his department can be carried out 
smoothly and safely with excellent diag- 
nostic results. This does not mean that one 


individual must necessarily perform all of 


each procedure in every instance although 
he should be intimately involved in each 
examination under his direction and be able 
to assist in solving anv difficulties that mav 
arise. Only in this manner it is possible for 
several different diagnostic studies to pro- 
ceed simultaneously within the same de- 
partment. 

Once the examination has been com- 
pleted and the diagnosis established 
through a mutual understanding between 
the neuroradiologist, neurologist, and neu- 
rosurgeon, under most circumstances the 
patient should be under the care of the 
neurosurgeon, either because of required 
operative intervention or for observation 
following the examination to check for any 
possible latent complications. Under some 
conditions it may be more appropriate for 
him to be under the supervision of the 
medieal neurologist. 

The radiologist’s responsibility does not 
end with his activities concerning the 
choice, performance, and analysis of these 
examinations. There are some hospitals in 


this country in which there is no neuro- 
radiclogic service available. There may, 


however, be a neurosurgeon and it is impor- 
tant for nee to be able to perform the re- 
quired test with all the help he can obtain 
from the radiologist in charge of the hospi- 
tal department. Therefore, in institutions 
in which neurosurgeons are being trained, it 
is important that the neuroradiologist give 
freely of his time and efforts to supplement 
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the instruction of young neurosurgeons in 
the various aspects of neuroradiology, In 
busy medical centers in which large num- 
bers of neuroradiologic procedures are 
undertaken, there probably would not be 
any ditheulty in providing a sufficient 
amount of experience for the proper train- 
ing of neuroradiologists and neurosurgeons. 
It woud also seem to be desirable for the 
neurologist to understand these examina- 
tions and their interpretation in order to 
better evaluate his patient. However, it 
does not seem necessary to complicate the 
neurolog:st’s already busy practice with the 
specific performance of these tests, particu- 
larly because neurosurgical procedures mav 
be required soon after such an examination 
is completed and there might be an unfor- 
tunate delav if the neurosurgeon were not 
already mvolved. 

It is imperative, however, that in those 
Institutions in ach voung physicians are 
trained in all phases of the diagnosis and 
care of patients who have neurologic dis- 


eases, there be one or more radiologists 
completely trained and highly skilled in 
neuroradiology, They should not only 
supervise the performance of the special 


procedures but also train young radiolo- 
gists for careers in this field. There should 
also be instruction for neurosurgeons and 
general radiologists in many aspects of 
these procedures. This need was recognized 
several vears ago by many groups includ- 

ing the National Institute of Neurological 
Diseases and Blindness and therefore there 

are now a small number of institutions in 
which formal programs for the training of 
neuroracdologists are available. The candi- 
dates are selected from among those who 
have completed the academic requirements 
for certification by the American or Cana- 
dian Board of Radiology and who are will- 

ing to spend 2 or more additional vears to 
obtain this specialized neuroradiologic 
training. Thig Aneides E in thg 


e of he ial eee pre- 
sented and for assisting in the selection of 
the most appropriate examination to solve 
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GEORGE W. GRIER, M.D. 
1882-1966 


FTER a lingering illness, Doctor Grier 
died in Pittsburgh, his adopted city, 
on July 23, 1966. He had been born and 
raised in Sewell, New Jersey, where he 
maintained a country home to which he 
returned frequently. His medical education 
was received at Jefferson Medical College 
from which he graduated in 1904. 


He was proud of being named for the 
father of this country and would tell some- 
one now and then that his initials stood for 
George Washington. A mild-mannered, 
likeable man, without pretension, he lived 
through the Era of the Roentgen Pioneers 
and the Golden Age of Radiology, to the be- 
ginning of the Atomic Phase in the medical 
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application of The Invisible Light.* 

Doctor Grier came to Pittsburgh in 1904 
as an intern at the West Penn Hospital at 
which time the practice of Radiology was 
extremely primitive. In fact, he told me the 
only x-ray work being done at the hospital 
then was fluoroscopy, and this only in the 
erect position since the tilt table had not 
been invented. Two years later he took over 
the X-Ray Department at the West Penn 
Hospital in Pittsburgh, and then obtained 
one of the earliest types of mica disk static 
machines with an output of approximately 
37 kv. at 4 ma., so that it took approxi- 
mately 4 minutes to make an x-ray exami- 
nation of the pelvis. At that time Doctor 
Grier was following the usual practice of 
using a fluoroscope to look at his hand while 
the tube was operating to test the penetrat- 
ing quality of the beam. Since some people 
had already received serious x-ray injuries 
from such use, he promptly dropped this 
procedure and said that he had not kept it 
up for longer than a year. It is a testament 
to his acute discernment at this early date 
in Radiology that he had practically no 
evidence of injury from x rays or radium 
throughout a period of 60 years of use. He 
always emphasized the importance of pro- 
tection from ionizing radiation to all whom 
he taught. 

As was common in the early days, he 
promptly became a peripatetic radiologist. 
In 1908 he opened an x-ray office in down- 
town Pittsburgh and had been appointed 
radiologist on the staff of St. Margaret’s 
Hospital in Pittsburgh. (At various times 
during his career, Doctor Grier was either 
on the staff as a consultant or radiologist at 
16 different hospitals.) 

In an interview I had with Doctor Grier 
in May 1960,f he told me that a radiologist 
on the staff of a hospital in those days was 
in the same capacity as that of any other 
specialist who, when a person needed an 


* Tue TRAIL or THE Inviare Liont, Grigg, 1965, Charles C 
Thomas, Publisher, Springfield, Illinois. See Grier: pp. 202, 203, 
227, 228, 2.34, 273- 

t Tape Recording at a meeting of the Pittsburgh Roentgen 
Society, May 29, 1960, devoted to Early History of Radiology in 
Pittsburgh. 


Editorials 


NovempBer, 1966 


x-ray examination in the hospital, was seen 
by the radiologist who krought his equip- 
ment to the hospital and made his examina- 
tion there, took the glass plates back to his 
office, processed them ard made a report. 
For this he sent his bill to the patient, the 
same procedure as any other specialist who 
had been called in for a consultation. 

Doctor Grier told me that this went on 
for some time until about the beginning of 
the First World War. At its end radiologists 
who had been trained by the Army School 
of Roentgenology did not want to go into 
private office practice of Radiology so it 
was not easy for them to carry on as men- 
tioned. In this way, hospitals developed the 
system of supplying the equipment and 
hiring these younger radiologists with lim- 
ited experience on a salary and collecting a 
large part of the fees for themselves. 

Doctor George C. Johnston had started 
X-ray work in 1902 and had been the radiol- 
ogist at Allegheny General Hospital, St. 
John’s Hospital, Presbyterian Hospital as 
well as Passavant, St. Joseph’s and Mon- 
tefiore Hospitals in Pittsburgh. When they 
began their partnership in 1913, Doctor 
Johnston was 10 years older than Doctor 
Grier and was the first Professor of Radiol- 
ogy at what was then the Western Univer- 
sity of Pennsylvania (WUP). At this time 
Doctor Johnston appointed his Associate, 
Doctor Grier, an Instructor. In the mean- 
time, Doctor Grier did all the x-ray work at 
the hospitals where Doctor Johnston was 
on the staff. He also took care of their office 
work during the time when Doctor Johns- 
ton served in the First World War from 
which he returned in the fell of 1919. A year 
later, Doctor Johnston had a heart attack, 
was incapacitated and retired. It was then 
that Doctor Grier became Assistant Pro- 
fessor of Radiology at the new University 
of Pittsburgh and rose through the ranks 
until 1933 when he was appointed full Pro- 
fessor of Radiology and Chairman of the 
Department—a position which he held 
until 1953 when he became Emeritus 
Professor of Radiology. 

Doctor Grier will be remembered by 
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many in Pittsburgh as having been our 
undergraduate teacher of Radiology, par- 
ticularly Roentgen Diagnosis, then our 
preceptor as Residents in the University of 
Pittsburgh Medical Center and during his 
later vears there as a full Professor. 
Throughout the vears, he had been ac- 
tive in medical societies and had been a 
member of the Board of Directors of the 
Allegheny County Medical Society from 
1921 through 1934 (President 1933-1934), 
served as Secretary of the Section on Radi- 
ology of the American Medical Association 
trom 1927 through 1932. From 1917 to 1920 
he was Secretary of the American Roentgen 
Rav Society and became its President in 
1934-1935. He was also Secretary of the 
American Radium Society from 1927 to 


1g31 (attesting to his long continued inter- 
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est im radiation therapy) and President of 
that Society in 1935-1936. In addition to 
being honored with election to these high 
offices, he was a member of the Board of 
Chancellors of the American College of 
Radiology from 1947 to 1951. 


Hammer of Pittsburgh, and three grand- 
children. 

Doctor Grier left a heritage of high pro- 
fessional standards and ethics, as well as a 
fine tradition of paramount regard for his 
patients’ interest, to all who had the plea- 
sure of being his friends and academic 
protessional descendants. 


Lewis E. Errer, M.D. 


Pinewoed Farm 
Warrendale, Pennsylvania 15086 





ELEVENTH ANNUAL CLINICAL 
CONFERENCE 
M. D. ANDERSON HOSPITAL AND 
TUMOR INSTITUTE 


“Cancer of the Uterus and Ovary” will 
be the subject of the Eleventh Annual 
Clinical Conference to be held at The Uni- 
versity of Texas M. D. Anderson Hospital 
and Tumor Institute, Houston, Texas, on 
December 1 and 2, 1966. 

Outstanding physicians from institutions 
throughout the United States and one from 
Sweden will join staff members from The 
Universitv of Texas M. D. Anderson Hos- 
pital and Tumor Institute in presenting the 
most current information on diagnostic 
procedures and treatment for carcinoma of 
the uterus, uterine cervix, and ovary. 

Co-sponsor of the conference with M. D. 
Anderson Hospital is the Division of Con- 
tinuing Education of The University of 
Texas Graduate School of Biomedical 
Sciences at Houston. 

Further information concerning the con- 
ference may be obtained by writing to Dr. 
Felix Rutledge, Chairman, 1966 Clinical 
Conference, The University of Texas M. D. 
Anderson Hospital and Tumor Institute, 
Texas Medical Center, Houston, Texas 


mN 
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NINETEENTH ANNUAL MIDWINTER 
RADIOLOGICAL CONFERENCE 

The Nineteenth Annual Midwinter Radi- 
ological Conference, sponsored by the Los 
Angeles Radiological Society will be held at 
the International Hotel (adjacent Los 
Angeles International Airport), Los Ange- 
les, California, on Saturday, January 28 
and Sunday, January 29, 1967. 

The program will include the following 
speakers: G. J. D’Angio, M.D., University 
of Minnesota, Minneapolis, Minnesota; 
Benjamin Felson, M.D., University of 
Cincinnati, Cincinnati, Ohio; Dr. Herbert 
J. Kaufmann, Basler Kinderspital, Basel, 
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Switzerland; Dr. John W. Laws, Radio- 
diagnostic Hospital, Hammersmith Hospi- 
tal, London, England; and Richard Lester, 
M.D., Duke University, Durham, North 
Carolina. 

Hotel reservations may be made by 
contacting the Convention Manager, Inter- 
national Hotel, Sepulveda at Centurv, Los 
Angeles, California. 

Conference reservations should be made 
through Richard R. Screiber, M.D., 2400 
South Flower Street, Los Angeles, Cali- 
fornia gooo7. 

For further information write to Calvin 
Wilhams, M.D., Publicity Chairman, Mid- 
winter Radiological Conference, 15107 
Vanowen Street, Van Nuys, California 
gi4o$. 

TENTH ANNUAL POSTGRADUATE 
COURSE 
UNIVERSITY OF CALIFORNIA SAN 
FRANCISCO MEDICAL CENTER 


The Tenth Annual Postgraduate Course 
in Diagnostic Radiology to be presented by 
the Department of Radiology and Continu- 
ing Education in Medicine and the Health 
Sciences of the University of California San 
Francisco Medical Center will be held 
March 8-12, 1967. 

It is an intensive five-day course which 
includes lectures, panel discussions, sym- 
posia, exhibits, and a social hour. Regis- 
trants may enroll for the full five days or by 
the day. 

The Program Chairman is Alexander R. 
Margulis, M.D., Professor and Chairman, 
Department of Radiology, University of 
California School of Medicine, San Fran- 
cisco; the Program Director is Howard L. 
Steinbach, M.D., Professor of Radiology; 
and the Assistant Program Director is 
Charles D. Noonan, M.D., Assistant Pro- 
fessor of Radiology, University of Cali- 
fornia, School of Medicine, San Francisco, 
California. 
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The course will be conducted by the 
faculty of the Department of Radiology of 
the University of California School of Med- 
icine, San Francisco, and the following 
guest speakers: Walter E. Berdon, M.D., 






New York, New York; Milton Elkin, M.D., 
New York, New York; Robert H. Frei- 
berger, M.D., New York, New York; 
Mordecai Halpern, M.D., Los Angeles, 
California; William Hanafee, M.D., Los 
Angeles, California; John A. Kirkpatrick, 
Jra M.D., Philadelphia, Pennsylvania; 
George Simon, M.D., F.F.R., London, 
England; Manuel Viamonte, Jr., M.D., 
Miami, Florida; and Jerome F. Wiot, 
M.D., Cincinnati, Ohio. 

For further information and application 
for enrollment contact Seymour M. Farber, 
M.D., Dean of Educational Services and 
Director of Continuing Education, Health 
Sciences, University of California Medical 
Center, San Francisco, California 94122. 








VIE CONGRESO DE ELECTRORADIOLOGOS 
DE CULTURA LATINA 
AND 


I CONGRESO DE LA ASOCIACIÓN 
EUROPEA DE RADIOLOGÍA 

The Seventh Congress of Electroradiolo- 
gists of Latin Culture joined by the First 
Congress of the European Association of 
Radiologists will take place April 2-8, 1967 
in Barcelona, Spain, under the Honorary 
Presidency of Prof. G. F. Leroux and Prof. 
B. Rajewsky. 

The officiating President is Dr. F. Galvez 
of Madrid, and the Secretary General, Dr. 
F. Manchón Azcona of Barcelona. 

A very elaborate scientific program is 
being arranged encompassing the branches 
of Radiodiagnosis, Radiotherapy, Radio- 
biology, Techniques, Physics and E 
tion in Radiology. 

The many Social Activities will be in the 
time-honored tradition characteristic of 
Spain, 

For further information please write to 
Secretary General, Dr. F. Manchón Az- 
cona, Facultad de Medicina, Barcelona, 
Spain. 
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SOCIETE EUROPEENNE DE 
RADIOLOGIE PEDIATRIQUE 

The 1967 Annual Meeting of the Société 
Européenne de Radiologie Pédiatrique will 
be held April 13-15 at Basel, Switzerland. 

The officers for 1966-67 are: President, 
Dr. H. J. Kaufmann; Secretary-General, 
Dr. H. Ludin, Department of Roentgenol- 
ogy, Basler Kinderspital, Basel, Switzer- 
land. 

The Permanent Secretary is Dr. Jaques 
Sauvegrain, Hôpital des Enfants Malades, 
149, rue de Sèvres, Paris 1 se, France. 

For further information contact Dr. 
H. J. Kaufmann, Leiter des Röntgeninsti- 
tuts, Basler Kinderspital, 4000 Basel 5, 
Switzerland. 


THE BRITISH INSTITUTE OF RADIOLOGY 

The Twenty-eighth Annual Congress 
with technical and scientific exhibitions will 
be held April 26-28, 1967 at the Central 
Hall and Caxton Hall, Westminster, 
London, S.W. 1. 

The Scientific Program will include: 

Foil Sesston, The Mackenzie Davidson Mem- 
oral Lecture: Computers in Radiology. 

Diagnostic Radiology. Disobliteration of Fem- 
oral Arteries. Investigations of the Pan- 
creas. 

Radiotherapy. Long-Term Follow-Up Studies 
in Radiotherapy. Proferred Papers on 
Radiotherapy and Radiological Physics. 

Joint Meeting of Isotope Study Section and 
Radiobiology Sections. Selective Uptake of 
Radio-Isotopes: Studies of Mechanism, 
Dosimetry and Applications in Diagnosis 
and Therapy. 


It is hoped to include a session on Appa- 
ratus and Technology and that there will 
also be parallel sessions for Radiobiologists. 

Technical Exhibition will be staged by 
the British X-Ray Industry on 2 floors of 
the Central Hall. The last exhibition was 
held in April, 1964, since then there has 
been considerable technical progress. In 
addition to British made equipment, im- 
ported products will be shown by estab- 
lished agents of overseas manufacturers. 
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information, please write to The British 
Institute of Radiology, 32 Welbeck Street, 
London, W. 1, England. 


NINTH INTER-AMERICAN COLLEGE 
OF RADIOLOGY 
The date chosen for the Meeting of the 
Ninth Inter-American College of Radiology 
is December 6-12, 1967; and the head- 
quarters of the meeting will be the Hotel 
San Rafael de Punta del Este, Uruguay. 
The themes chosen for the Ninth Con- 
gress of Radiology are the following: 
Radiodiagnosis 
(1) Radiodiagnosis of the Cerebral Circu- 
latory Insufficiency 
(2) Radiodiagnosis of Acquired Cardiopa- 
thies l 
(3) Radiodiagnosis of Congenital Bone 
Dystrophies 
(4) Mammography 
($) Bone Microradiography 


Radiotherapy 
(1) Fractionation 
(2) Hybaroxic Radiotherapy 
(3) Radiotherapy of Tumors of the Hypo- 
pharynx 
Nuclear Medicine 
Diagnosis of Physical Abnormalities and 
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Dysfunction of the Kidney, Liver and 
Brain 


In addition to the above, the Congress 
will be open to free themes. 

Those interested please write to the 
Secretaries: Dr. Helmut Kasdorf and Dr. 
Roberto Francois, Cassilla de Correo No. 
930, Montevideo, Uruguay. 

The Counselor for the United States to 
the Inter-American College of Radiology is 
Juan A. del Regato, M.D., Penrose Cancer 
Hospital, 2215 North Cascade Avenue, 
Colorado Springs, Colorado 80907. 


DEPARTMENT OF RADIOLOGY 
TEMPLE UNIVERSITY 
CENTER FOR THE HEALTH SCIENCES 


r966 W. EDWARD CHAMBERLAIN LECTURE 


The 1966 W. Edward Chamberlain Lec- 
ture will be given by Borje Rudewald, 
M.D., Docent in Medical Techniques, 
Stockholm, Sweden, on Wednesday, 
November 23, 1966 at 4:00 P.M. 

The title of the lecture is: “Blood Flow in 
the Human Aorta—Radiologic and Physio- 
logic Analysis,” and will be held in the 
Auditorium—-3rd floor, Temple University 
School of Medicine, Broad Street at 
Ontario, Philadelphia, Pennsylvania. 
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BOOK REVIEW AND BOOKS RECEIVED 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient r 


eturn for the 


courtesy of the sender, Selections will be made for review in the interest of our readers as space permits. 


PNEUMOENCEPHALOGRAPHY AND CEREBRAL 
Anciocrapuy. By Bernard S. Epstein, M.D., 
Clinical Professor of Radiology, The Albert 
Finstein College of Medicine, Yeshiva Uni- 
versitv, New York City; Director of Radiol- 
ogy, The Long Island Jewish Hospital, New 
Hyde Park, N. Y.; Radiologist-in-Chief, The 
Long [sland Jewish Hospital-Queens Hospi- 
tal Center Affiliation, Queens, N. Y. Cloth. 
Pp. 349, with many illustrations. Price, 
$20.00. Year Book Medical Publishers, Ine., 
35 East Wacker Drive, Chicago, Hl, 1966. 
The ability to produce a textbook on pneu- 

moencephalography and cerebral arteriography 
depends upon adequate knowledge of anatomy 
and sound practical experience. There is no 
doubt that Dr. Epstein possesses both of these 
requirements and this 1s reflected in his text- 
book. 

The book is divided into 4 sections: Normal 
pneumoencephalogram and angiogram; Congent- 
tal malformations; Vascular malformations and 
intracranial hemorrhage; and Brain tumors. The 
description of the normal pneumoencephalo- 
gram is covered in detail and includes an excel- 
lent correlation with the anatomy of the intra- 
cranial structure. The illustrations are of good 
quality but suffer from a surfeit of labels in 
which the object 1s indicated by initials or let- 
ters. This causes difficulty in interpretation 
when the reader is forced to oscillate between 
rather detailed and lengthy legends and the 
illustration. This section might have been im- 
proved by the use of line drawings next to the 
illustrations showing the salient features in 
semicaagrammatic form. The labeling is less of a 
problem in the section on normal angiography 
and the illustrations are again of good quality. 

There could have been more detailed ana- 
tomic description in this section, which is not up 
to the standard of that on the normal pneumo- 
encephalogram. Both pneumoencephalography 
and arteriography would have benefited by a 
discussion on technique. One wonders how Dr. 
Epstein obtains his beautiful pneumoencephalo- 
grams. What is his secret? 


The rest of the book consists of an excellent 
presentation of the various subjects. One chap- 
ter on brain tumor is particularly good with the 
term “tumor” used in its widest sense to include 
granulomas and brain abscesses. There is no 
doubt that this chapter alone would be suff- 
cient recommendation to the reader interested 
in pneumoencephalography or arteriography. 

There is one omission which could be rectified 
in subsequent editions. One of the major uses of 
arteriography is in the diagnosis and treatment 
of cerebrovascular disease and a chapter on this 
subject would, I think, complete a useful and 
well written textbook. 


Joun Gitroy, M.D., F.R.C.P. (C). 


BOOKS RECEIVED 

Procress in CiixicaL Cancer. Edited by Irving 
M. Arel, M.D., FLA.C.S., Associate Clinical Pro- 
fessor of Surgery and Attending Surgeon, New 
York Aledical College, Flower and Fifth Avenue 
Hospitals; Attending Surgeon and Chief of the 
Soft Somatic Tissue Tumor Service, Hospital for 
Joint Diseases; Attending Surgeon, Pack Medical 
Group, New York, N. Y. Volume HH. Cloth. Pp. 
375, wth some illustrations, Price, $16.75. Grune 
& Stratton, Ine., 381 Park Avenue South, New 
York, N. Y., 1966. 


Die WIRBELSÄULENLEIDEN UND IHRE DIFFEREN- 
TIALDIAGNOSE. By Prof. Dr. J. E. W Brocher, 
Genf. Cloth. Pp. 684, with ¢11 illustrations. Price, 
Ganzlemen DM 166.-. Georg Thieme Verlag, 
Stuttgart. In U.S.A. and Canada, Intercontinen- 
tal Medical Book Corporation, New York 16, 
N. Y., 1960. ee 

RECENT ADVANCES IN Nucitear Meprieive. Based 
on a Symposium Sponsored by the Department 
of Radiology of the Hahnemann Medical College. 
Edited by Millard N. Croll, M.D., Associate 
Protessor of Radiology, The Hahnemann Medical 
College, Philadelphia, Pa.; and Luther W. Brady, 
M.D., Professor of Radiology, The Hahnemann 
Medica! College, Philadelphia, Pa. Cloth. Pp. 260, 
with many illustrations. Price, $12.50. Appleton- 
Century-Crofts, 440 Park Avenue South, New 
York. Ne Ya 1666: 










STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION Publisher: File two copies of 


( Act of October 23, 1962; Section 4369, Title 39, United States Code i this form with your postmaster, 
1. DATE OF FRING 2. NLE OF PUBLIC ATION 














Sept. 22, 1966 | The American Journal of Roentgenology, Radium Therapy & Nuclear 
3. FREQUENCY OF ISSUES Sa RP Se nee ET ge eae es MAT Che. | 
Monthly 


menaran weer dirty AAAA AARAA AAAA AAA A utasni stone 9 Met ta Nitin cert RNA RENO eS! RRMA et aaeeea AT A TAP oR TT Raa 


6. NAMES AND ADDRESSES OF PUBLISHER, EDITOR, AND MANAGING EDITOR 


ever EPO e errn ety eerie et A HUNK RSI miam e s yt py pd I IY rep AR KLUM n cal ARH 


PUBLISHER (Name and addres: } . 


Charles C Thomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois 62703 
"EDITOR (Name and address} l l m el 


Traian Leucutia, 401 Professional Building, Detroit, Michigan 48201 


MANAGING EDITOR f Na me and address À Eo oe Wie ee eR 





7. OWNER (If owned by a corporation, its name and address must be stated and also immediately thereunder the names and ad- 
dresses of stockholders owning or holding 1 percent or more of total amount of stock. If not owned by a corporation, the names and 
addresses of the individual owners must be given. If owned by a partnership or other unincorporated firm, sts name and address, as 
well as that of each individual must be given.) 


NAME 


è American Roentgen Ray socie a non-profit organization incorporated in the  žć 


rem PIP pan anaga sin etek abd 











Dr. Ce Allen Good, Secretary “the Mayo Clinic, Rochester, Minnesota  ——— 
Dr. John F, Roach, Chairman Publication Committee, Albany Medical Center, Albany, N.Y. 


8. KNOWN BONDHOLDERS, MORTGAGEES, AND OTHER SECURITY HOLDERS OWNING OR HOLDING 1 PERCENT OR MORE OF TOTAL AMOUNT 





9, Paragraphs 7 and 8 include, in cases where the stockholder or security holder appears upon the books of the company as 
trustee or in any other fiduciary relation, the name of the person or corporation for whom such trustes is acting, also the state- 
ments in the two paragraphs show the affiant’s full knowledge and belief as to the circumstances and conditions under which 
stockholders and security holders who do not appear upon the books of the company as trustees, hold stock and securities in 
a capacity other than that of a bona fide owner. Names and addresses of individuals who are stockholders of a corporation 
which itself is a stockholder or holder of bonds, mortgages or other securities of the publishing corporation have been included 
in paragraphs 7 and 8 when the interests of such individuals are equivalent to 1 percent or more of the total amount of the 
stock or securities of the publishing corporation. 





10. THIS ITEM MUST BE COMPLETED FOR ALL PUBLICATIONS EXCEPT THOSE WHICH DO NOT CARRY ADVERTISING OTHER THAN THE PUBLISHER'S OWN AND WHICH 
ARE NAMED IN SECTIONS 132.231, 132.232, AND 132.233, POSTAL MANUAL (Sections 4355a, 43556, and 4356 of Title 39, United States Code) 














SINGLE ISSUE NEAREST 
EACH ISSUE DURING 
= al cn PRECEDING 12 MONTHS eaea a Naan 

A. TOTAL NO. COPIES PRINTED (Net Press Rani li, 575 12,000 

B. PAID CIRCULATION 
| 1. SALES THROUGH DEALERS AND CARRIERS, STREET VENDORS AND COUNTER nana wean 
i SALES | 
GENE ita a T a ca tae e e eet eee nnn 
| 
| 2. MAIL SUBSCRIPTIONS 10,917 11, 565 | 
| 


| C. TOTAL PAID CIRCULATION 


D, FREE DISTRIBUTION {including samples) BY MAIL, CARRIER OR OTHER MEANS 
i 
} 








E. TOTAL DISTRIBUTION (Sum of € and Dì) | 10,917 ll, 56 5 
aaan anamen rer t A LAAANU AE I ER AA pe ae ia a eg A AE. RR AAAA Aipa AAAA E a a ps 


| F. OFFICE USE, LEFT-OVER, UNACCOUNTED, SPOILED AFTER PRINTING | 


| G. TOTAL (Sum of E & F~should equal net press run shown in Aj i 11 575 | 12,000 














editor. publisher, business manager. or awpe 


(fanatyre of 
p $ 
- £ Z \f ws 1 s, ee eas wo 3 a 2 


POD form B ton. 1965 . Chairman, Publicatiomt Committee 


l certify that the statements made by me above are correct 
and complete, 





764 


Voi. 98, No, 


ABSTRACTS OF RADIOLOGICAL 
LITERATURE 





INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 


NERVOUS SYSTEM 


“a 





Rosenserc, J. C.: Arteriographic demonstra- 


ton of compression syndromes of the 
thoracic OU MEE ice. sirkor anen Eaa ee 
SroLL, B. A., and Anprews, J. T.: Radiation- 


induced peripheral neuropathy . TOE 
santin, G., and Vargas S. J.: Roentgen Ka 
of cysticercosis of central nervous system... 


SKELETAL SYSTEM 


GoLDBLOOM, R. B. et al: Idiopathic periosteal 
hyperostosis with dysproteinemia: a new 
rel CL Ceres E TE N EEO 

Morcan, T., and Srepnex, D.: Bone changes 
in urticaria pigmentosa: a report of a case... 

Macurey, L, Ropnan, G. P., and BENEDEK 
T. G.: Paget’s disease of the hip joint... .... 

Lancuey, G. R., Sanean, H. B., and SORGER, 
K.: Sclerotic lesions of bone in myeloma... .. 


Bioop AND LYMPH SYSTEM 


Brenner, H., and Zaunpauer, W.: Possibil- 
ities for error in cerebral angiography.. 
Voceisanc, H.: Possibilities for incorrect 


diagnosis of brain abscess by means of carotid 


ANGIOSFADNY }1u.n ey cee cea EA hee 
MAURER, H.-J., Frretrncsporr, D., and 
Virucers, E.: Possibilities for incorrect 
diagnosis in splenoportography ........... 


Rirrimann, A.: Errorsin]ymphography..... 
Bryant, L. R., and Spencer, F. C.: Occlusive 
disease of subclavian artery.......0....... 


766 
766 


766 


i D Í 
i b i 
707 


£ 


“OX 


768 


Vicne, J. eż al.: The Pegot-Cruveilhier-Baum- 
garten SVMRCFOMEs ¢6.65 04.44 4446 eGo dae en 
Pra E. W., Lispe, L. M., and Lonc- 
MIRE, W. o JR: “Portal hypertension from 
a supetion vena caval obstruction |. 
Dorrer, C, T. ef a/.: The “nonsurgical” treat- 
ment of iliofemoral arteriosclerotic obstruc- 


Jackson, R. J. A.: Complications of lymphog- 
BA ox ean eo ae Se tee eee a ads 

Doran, P.A: L ymphography: complications 
A een in §22 examinations... 


GENERAL 


SALOMONI, E.: Turano’s method applied to the 
study of motor-functions of hollow muscular 
viscera (simultaneous roentgen cinemato- 
graphic and pressure recording). . l 

KosLowsKi, L., and WELLER, S.: The applica- 
tion of x-ray image tensi h cation to ortho- 
Ped C SUMMERS oos eaa as eae aes 

Wise, R. E., and Ganson, J.: Subtraction 
eha: video and color meadi ! 

Tex Care, H. W., Jongmans, H., and ZIEDSES 
DES j LANTE S, B. G.: Subtraction technique 


RADIATION THERAPY 


KaurMan, B. etal.: Transnasal-transsphenoidal] 
yttrium-go pituitary implantation in the 
therapy of acromegaly................... 

Sanpter, H C.: Errors of oral cytodiagnosis: 
report of follow-up of 1,801 patients... 2... 





779 


iit 


766 


ROENTGEN DIAGNOSIS 


NERVOUS SYSTEM 


wh 





ROSENBERG, J. C. Arteriographic demonstra- 
tion of compression syndromes of the thoracic 


(From: Department of Surgery, Maumee 
Valley Hospital, Toledo, Ohio.) 


Neurovascular compression syndromes at the 
thoracic outlet were studied in 15 patients by arteriog- 
raphy. The femoral artery was punctured per- 
cutaneously in each case, and a catheter was posi- 
tioned with its tip adjacent to the orifice of the sub- 
clavian artery. Serial arteriography was performed 
with the arm in the symptom-producing position, 

The most commonly encountered mechanism of 
compression in this series was the “‘costoclavicular 
syndrome.” With the shoulders thrown back in the 
military position of “attention,” or with the arms 
hyperabducted, the clavicle moves backward and 
may constrict the costoclavicular space and thus the 
subclavian artery passing over the first rib through 
this space. The author recommends resection of the 
first rib and states that 3 patients so treated all ob- 
tained relief of symptoms. 

The next most common mechanism in this series 1s 
a cervical rib, One case is reported showing compres- 
sion of the subclavian artery and post-stenotic dila- 
tation. With these findings, resection of the cervical 
rib is indicated. 

The scalenus anticus syndrome was demonstrated 
in only 1 patient in this series. This is probably a far 
less common cause of thoracic outlet compression 
than was once thought, which might explain the high 
failure rates reported with scalenectomy. 

The author states in his conclusions that arteriog- 
raphy should not be necessary for diagnosis. How- 
ever, itis evident from this report and the experience 
of others that it is only by arteriography in the 
symptom-producing position that accurate diag- 
nosis can be made and the proper therapeutic pro- 
cedure selected. Stephen A. Kieffer, M.D. 


Sroit, Basık A., and ANprews, Jonn T. Ra- 
diation-induced peripheral neuropathy. Brr. 
M. F, April 2, 1966, 7, 834-837. (From: 
Peter MacCallum Clinic, Melbourne, Aus- 
tralia.) 


In rebuttal to the long held opinion that the pe- 
ripheral nerves of adults exhibit a remarkable degree 
of resistance to ionizing radiation, the authors pre- 
sent evidence of peripheral nerve damage in a group 
of patients treated with megavoltage roentgen 
therapy after operation for carcinoma of the breast. 
This study consists of 117 female patients who were 
treated with a 4 mev. linear accelerator to a 15 Xg 
cm. field including the scalene, supraclavicular and 
axillary lymph node areas. Thirty-three cases re- 
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ceived 6,300 rads in 12 increments over a 25 to 26 day 
period; 84 cases received 5,776 rads in 11 or 12 in- 
crements over a 25 to 26 cay period. In the first 
group, 73 per cent exhibited neurologic symptoms, 
while in the second group only 15 per cent were found 
to have a neurologic deficit. These changes occurred 
within 5 to 30 months after the initial course of ir- 
radiation. The higher dose group tended to show 
initial symptoms somewhat earlier than the lower 
dose group, The presenting symptom in most cases 
was paresthesia or hypoesthesia of the fingers of the 
hand on the side of the treatment. Neurologic ex- 
amination, however, revealed motor weakness as 
often as sensory changes. Usually a mixed motor and 
sensory deficit was found. In the milder cases, the 
symptoms tended to improve spontaneously after 6 
to g months. Even in one of the most severe cases, 
there was electromyographic evidence of partial re- 
covery after a period of 2 years. 

The pathologic change was found to be a fibrous 
thickening of the neurilemma sheath, associated with 
demyelinization and fibrous replacement of some of 
the nerve fibrils. 

The authors emphasize the fact that similar symp- 
toms have occasionally been seen even after quite 
modest doses in the order of 3,500 to 3,700 rads in 20 
increments given over a 25 to 27 day period when 
utilizing orthovoltage therapy. Also, since many of 
their patients (34 per cent) had concomitant edema 
of the arm, it was suggested that pressure on periph- 
eral nerves by edema may be an additional factor 
but definitely not the basic cause of the neuropathy. 

The authors conclude that high dose, small field 
megavoltage irradiation following radical surgery 
leads to delayed damage of the brachial plexus, the 
incidence being related to the level of the dosage em- 
ployed.-~ Kenneth M. Nowicki, M.D. 


Santin, GUILLERMO, and Varcas S. JORGE. 
Roentgen study of cysticercosis of central 
nervous system. Radiology, March, 1966, S60, 
g20~528. (Address: Dr. Santin, Head, De- 
partment of Radiology, Hospital Frances de 
México, México, D. F.) 


Cysticercosis is produced in man through the in- 
gestion of ova of Taenia solium. The active onco- 
sphere is liberated in the stomach; it then will pene- 
trate the intestinal wall, entering the blood stream to 
be carried by the blood stream into the head, pre- 
ferring the cerebrospinal fluid, pia-arachnoid, and 
brain. The incidence is reported as 3.36 per cent in 
2,767 autopsy Cases. 

The roentgenologic manifestations are described 
and listed in terms of direct and indirect signs. They 
are: (a) Direct: (1) calcified scolex and cyst; (2) 
calcified portions of cyst; (3) soft tissue masses 
(larvae); (b) Indirect: (1) hydrocephalus; (2) spread 
sutures; (3) intrasellar erosion; (4) extrasellar ero- 
sioa; (5) fibrinous septa in ventricles (ependymitis). 
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Intracranial calcification was present in $3 per cent 
of the cases and does not exclude viable larvae of 
active disease. Hydrocephalus was the most common 
indirect sign and is usually due to obstructing cyst 
formation, without displacement deformities as seen 
with neoplasia. These larvae cysts may be found 
anywhere in the cerebrospinal fluid pathway but are 
most common within the ventricles. 

The clinical manifestations of cysticercosis are 
quite variable. The “plain” skull roentgenograms 
should suggest the diagnosis if the character of the 
intracranial calcifications is appreciated, but pneu- 
moencephalography, ven triculography, and myelog- 
raphy are frequently indicated. The differential 
diagnosis should include: other parasites, tuberous 
sclerosis, neoplasia, toxoplasmosis, tuberculosis, and 
neurofibromatosis, 

The authors have observed that the worst type of 
cases, with the poorest prognosis, are those with 
widespread intracranial calcifications.— -John Bond, 


ALD., 
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GoLbgLoom, Ricuarp B., Stein, Pave B. 
Risen, A, McSuerrrey, J. B., Brown, B, 
Sr. Joun, and WicLesworrn, F. W. Idio- 
pathic periosteal hyperostosis with dyspro- 
teinemia: a new clinical entity. New England 
J- Med., April 21, 1966, 274, 873-8738. (From: 
Pediatric Medica! Service and Departments 
of Radiology and Pathology, Montreal Chil- 
dren’s Hospital, and Departments of Paediat- 
rics, Radiology and Pathology, McGill 
University, Montreal, Quebec, Canada.) 


The authors report the cases of 2 unrelated chil- 
dren, a 14 year old boy and a to vear old girl, who 
suffered from a transient illness characterized by 
fever, bone pain and tenderness, inability to walk, 
radiographic evidence of subperiosteal new bone 
formation and dysproteinemia. In one patient the 
subperiosteal new bone formation was observed in 
the mandible, both humeri, both ulnae, the second 
and third metacarpals on each side, the femora, 
tibiae, fibulae, the first metatarsals, and the left fifth 
metatarsal. In the other patient there was involve. 
ment noted in the ulnae, femora and, questionably, 
the fibula and the tibiae. The serum protein distur- 
bance was characterized by hypoalbuminemia and 
marked elevation of the alpha 2 and gamma globu- 
lins. A search of the literature did not reveal any 
previous reports of patients with this particular com- 
bination of findings. 

The fever lasted 3 weeks in one patient and 2 
months in the other. As the fever subsided, the roent- 
genographic evidence of periosteal hyperostosis 
gradually disappeared, and the electrophoretic pat- 
tern of the serum proteins returned to normal. — 


Donald Widman, M.D. 
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Morcan, TREFOR, and STEPH EN, Davip. Bone 
changes in urticaria pigmentosa: a report of 
a case. Australasian Radiol., Feb., 1966, 10, 
64-67. (From: Royal Prince Alfred Hospital 
Sydney, Australia.) 


5 


A 24 year old man had long-standing skin lesions 
typical of urticaria pigmentosa. In addition he had 
hepatosplenomegaly, generalized lymphadenopathy, 
and generalized increased density of bone. Bone 
marrow biopsy showed myelofibrosis and os teosclero- 
sis, but mo increase in mast cells, Liver and lymph 
node biopsies were normal and also not diagnostic 
for systemic mastocytosis. Splenectomy, necessi- 
tated because of pressure sym ptoms, revealed exces- 
sive mast cells. 

The ditieulty in diagnosing systemic mastocy tosis 
histologically has been experienced by others and is 
apparent y due to the propensity of the mast cell to 
disintegrate. 

Bone involvement is demonstrable in 20-40 per 
cent of the cases extensively investigated, and if 
followed longer, the incidence may be higher. The 
bone changes which are confined almost to cancellous 
bone represent the result of tissue mast cell hyper- 
plasia with fibrosis and later sclerosis of bone mar- 
row. Generalized increase in density due to thickened 
trabeculae is the common appearance, at times ac- 
companied by cortical thickening and periosteal 
reaction, Gastrointestinal involvement does occur 
but is less common than the bone changes. The bone 
abnormalities are usually asymptomatic.. Mark D. 
Reiss, M.D. 


Macurey, [SRAEL, Ropnan, GERALD P., and 
BENEDEK, THomas G. Paget’s disease of the 
hip joint. dm. F. M. Se., May, 1966, 257, 
§24-$31. (From: Department of Medicine, 
University of Pittsburgh School of Medicine, 
Pittsburgh, Pa.) 


The problem of hip joint disease due to osteitis 
deformans has received relatively little attention jn 
the American literature, although this aspect of 
Paget’s disease has been treated rather extensively in 
European publications. The authors state that dur- 
ing the past few years they have become increasingly 
impressed with the importance of hip involvement in 
patients with Paget’s disease and have carried out 
studies in order to secure better understanding of the 
clinical and roentgenographic manifestations of this 
disorder and to obtain some estimate of its frequency. 

The clinical records and roentgenograms of o8 pa- 
tients with Paget's disease of bone were reviewed 
with particular attention to the occurrence of hip 
joint invelvement. Ten patients were found to have 
definite evidence of coxapathy, the chief features of 
which were marked concentric narrowing of the 
“joint space,” and bony lipping of the acetabulum 
which was variably deepened and deformed. In 11 
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other cases, in which the roentgenograms were not 
sufficient for adequate evaluation, there were 
changes which were considered suggestive of this hip 
disorder. The majority of the patients with Paget's 
coxapathy complained of pain in the hip and a hmp 
and were found to have limitation in motion of the 
joint. 

These changes in the hip joint appear to be the re- 
sult of weakening and deformation of the bony con- 
stituents of the joint.—C. Peter Truog, M.D. 


Lancey, G. R., Sapean, H. B., and SORGER, 
K. Sclerotic lesions of bone in myeloma. 
Canad. M. A. F., April 30, 1906, 94, 940940. 
(From: Departments of Medicine, Radiology 
and Pathology, Dalhousie University and the 
Victoria General Hospital, Halifax, Nova 
Scotia, Canada.) 

The authors record in detail the findings in § pa- 
tients in whom a sclerotic reaction of bone was ob- 
served in association with myeloma. 

The absence of skeletal sclerosis in myeloma 1s 
familiar. It is reflected in the sharply demarcated 
lytic lesions without osteoblastic reaction and the 
usually normal serum alkaline phosphatase, Osteo- 
blastic proliferation can occur however, since ade- 
quate callus may form at the sites of pathologic 
fractures, and dense sclerosis has been observed after 
irradiation or other therapy. The occurrence of 
sclerosis in proved myeloma, in the absence of frac- 
ture or therapy, has been recorded in 18 patients. 
More often, however, single or multiple focal areas 
of sclerosis, sometimes in association with osteolysis, 
osteoporosis, or spicule formation, have been seen. 

The association of myeloma with myelosclerosis, 
myelofibrosis and polycythemia vera has led to the 
suggestion that myeloma be included among the 
myeloproliferative disorders, implying that a toti- 
potent stem cell may be capable, under appropriate 
stimulation, of differentiating into one or more of 
several cell types. 

The overlapping histologic features and the anom- 
alous proteins found in multiple myeloma, lympho- 
sarcoma and lymphocytic leukemia suggest that 
myeloma be classified in close relationship to the 
lymphoproliferative states. 

The concept of myeloma as a myeloproliferative 
disorder would indicate that the sclerosis of bone in 
these patients was the result of a simultaneous pro- 
liferation of bone-forming elements leading to im- 
creased bone deposition. Of 4 patients in this series 
in whom bone was available for examination, there 
was no histologic evidence of active bene formation. 
The serum alkaline phosphatase was elevated tn 1 
patient and normal in 2 others. Therefore, the pos- 
sibility of some other mechanism, such as interfer- 
ence with the normal resorptive processes, possibly 
as a result of neoplastic infiltration of the marrow 
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spaces, cannot be excluded as a cause of the osseous 
sclerosis. 

Bone sclerosis can be observed in a vast number of 
diseases in addition to myeloma. It 1s important to 
determine whether there was a coincidental asso- 
ciation of sclerosis in these patients with myeloma or 
if there was some relationship between the two pro- 
cesses. It is not possible to exclude the former com- 
pletely or to provide unequivocal evidence of the 
latter, 

The earlier recognition of myeloma, brought about 
particularly through the increasing use of serum 
electrophoresis, has enabled the diagnosis to be 
established, frequently before radiologic changes are 
evident. Stephen N. Tager, M.D. 


Broop AND LYMPH SYSTEM 


Brenner, H., and Zaunpaver, W. Uber 
Kehlerméglichkeiten bei der zerebralen An- 
giographie. (Possibilities for error in cerebral 
angiography.) Radtologia Austriaca, 1966, 10, 
45-52. (Address: Dr. Heinrich Brenner, I. 
Chirurgische Universitatsklinik, Allgemeines 
Krankenhaus [1. Hof.], Wien IX, Austria.) 


Faulty technique may be the source of error in 
cerebral angiography. The films should be large 
enough (10X12 cm.) to include the injection site, so 
that it can be immediately determined if an intra- 
mural or paravascular injection has been made. The 
authors avoid the use of tubes and automatic injector 
systems since they feel that they can more easily 
recognize alterations in resistance within the vessels 
and make the necessary adjustments manually. 
Simultaneous, biplanar, serial exposures are essential, 
particularly in the diagnosis of aneurysms. 

Errors in interpretation may be made if examina- 
tion is undertaken soon after bleeding from an aneu- 
rysm. Spasticity of neighboring arteries may inter- 
fere with adequate opacification of the aneurysm and 
lead to erroneous diagnoses. In such cases, re-ex- 
amination after a short interval may produce a satis- 
factory demonstration of the aneurysm. The authors 
also describe one angiogram which was erroneously 
interpreted as a vascular anomaly but surgery dis- 
closed a meningioma with bizarre and markedly 
dilated vessels. 

Stenosis of the anterior cerebral artery 1s rare un- 
less it is associated with an anomaly of the circle of 
Willis. Changes in the carotid artery may be respon- 
sible for a faulty diagnosis of stenosis of the anterior 
cerebral artery. In increased intracranial pressure 
(cerebral tamponade), occlusion of this vessel may be 
misdiagnosed, since a massive hematoma may pro- 
duce spasm of this vessel. 

Angiography may be misleading in the diagnosis 
of tumors. One instance is cited in which character- 
istic staining suggested a tumor but on surgical inter- 
vention, an area of cerebral softening was found. In 
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another case, the angiographic studies were con- 
sidered normal but, when the patient’s condition 
deteniorated, an operation was performed and a 
ghoma was found. A correct diagnosis may be diff- 
cult when two separate conditions are present si- 
multaneously, since the changes due to one condition 
may hide or alter the expected findings due to the 
other pathologic entity. Biplanar studies are recom- 
menced because it is possible that a lesion may be 
missed if studied in only one view, lateral or frontal. 
Serial studies are highly recommended so that a 
given lesion may be studied in every phase. Repeat or 
follow-up studies are often fruitful in eliciting pa- 
thology despite negative findings on the initial survey, 
especially in post-traumatic cases, since the local 
vascular picture may change from day to day.~¥. 


ausser, M.D. 


Vogersanc, H. Möglichkeiten von Fehlbeur- 
tetlingen beim Hirnabszess durch die Karo- 
tisangiographie. (Possibilities for incorrect 
diagnosis of brain abscess by means of carotid 
angiography.) Radiologia Austriaca, 1966, 16, 
63-68. (Adress: Klinikstrasse 37, Giessen/ 
Lahn, Germany.) 


Various reasons for the failure of carotid angi- 
ography toestablish the diagnosis of brain abscess are 
listed: 

(1) Angiography is normal. One patient, treated 
with antibiotics for a brain abscess, had normal find- 
ings on angiographic studies but when the condition 
detererated, surgical intervention disclosed an 
abscess in the temporal region. Another patient had 
mildly tortuous vessels and the condition was diag- 
nosed as an anomalous vascular process but subse- 
quent surgery showed bilateral parietal abscesses. 

(2) Unusual location of an abscess, such as in the 
basal ganglia, cerebello-pontine angle, fronto-medial 
portien of the brain, adjacent to the ventricular 
system, a small abscess near a thickened suture, or 
within an atrophic area, may be associated with a 
normal angiogram and failure to make the correct 
diagnosis. One case is cited in which a small abscess 
had perforated into the ventricular system, so that a 
“space-occupying” lesion was not demonstrable by 
angiography. 

(3) Atypical staining (characteristic of a cystic 
tumor) led to an error in diagnosis. A diagnostic tap 
enabled establishment of the true nature of the 
lesion. 

(4) Technical difficulties (see abstract of the ar- 
ticle by H. Brenner and W. Zaunbauer). 

(5) Anomalies and thickened sutures may also be 
responsible for an incorrect diagnosis —Y. Zansner, 


ALD. 


Maverer, H.-J., Frrenincsporr, D., and 
Vieucers, E. Möglichkeiten der Fehldeutung 
im Splenoportogramm. (Possibilities for in- 
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correct diagnosis in splenoportography.) Ra- 


Mologta Austriaca, 1966, 76, 69-75. (Address: 
Prof. Dr. H.-J. Maurer, Réntgenabteilu ng 
der Chirurgischen  Universitatsklinik und 
Poliklinik, §3 Bonn-Venusberg, Germany.) 


Splencportography is performed when the pa- 
tient’s basic condition is compensated and operable. 
The examination is done with the aid of the Gidlund 
injector. Electrocardiographic tracings are taken 
simultanzously, The patient is under mild anaes- 
thesia. The chief indication for this procedure is 
portal hypertension as in hepatic cirrhosis. The 
authors carely use this method for other liver dis- 
eases, such as parasitic infestations, abscesses or 
metastases, 

Errors in evaluation of the intrahepatic vascular 
tree are rare. The main sources of errors are divided 
into three groups: 

(1) Improper evaluation of positive findings. This 
is due to failure to recognize irregularities of the 
terminal portions of the intrahepatic vascular tree. 
One case is cited in which gastric varices were over- 
looked, so that the correct diagnosis could not be 
made. 

(2) Falure to recognize the full extent of anasto- 
moses between the splenoportal and caval systems. 
Such failures may account for some poor results and 
some of the complications following surgery. 

(3) Inaccurate interpretation of the confluence 
sign and mural thromboses. A case of extensive 
thrombosis of the splenic vein is reported. The diag- 
nosis was almost missed because the injection needle 
had been improperly placed in the superior pole of 
the spleen. The spleen had been displaced by marked 
enlargement of the left lobe of the liver. Surgical 
intervention was indicated and the thrombi were 
successfully removed. /. Zausner, M.D. 


Rivrimann, A. Fehlermdglichkeiten bei der 
Lymphographie. (Errors in lymphography.) 
Radto‘ogia Austriaca, 1966, Z6, 77~86. 
(Address: Rontgendiagnostisches Zentralin- 
stitut der Universitat, Kantonsspital, Ziirich, 
Switzerland.) 


Errors in lymphographic studies are either due to 
poor technique or faulty interpretation. 

To aveid technical errors, the examination should 
be done with fluoroscopic control and the injection 
should be made under constant pressure, preferably 
below o.g atm. 

Lymphography affords a study of the morphol ogy 
and function of the lymphatic system. 

For proper evaluation of the findings, it is essential 
that the examiner know the history of the patient, 
expecially with reference to edema, infection, trauma 
or abdominal surgery. The radiologist should also be 
familiar with the clinical picture, e.g., whether an 
inguinal aernia is present or not (palpation by the 
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radiologist is highly recommended), An inguinal 
hernia may displace the lymph nodes and thus simu- 
late a tumor. 

The radiologist need not attempt to make a his- 
tologic diagnosis, since it is very difficult sometimes 
to distinguish between degenerative changes and 
early metastatic involvement. Likewise the presence 
of one lacuna does not necessarily mean metastasis. 

Mild degrees of fibrosis rarely lead to obstructive 
phenomena but widespread fibrosis produces dilata- 
tion of lymphatic channels, stasis of the contrast 
material, and subsequent collaterals within the 
lymphatic system. 

If the initial study is negative or indicates a benign 
process, re-examination should be done after a suit- 
able interval if there is the slightest suspicion of a 
neoplasm (the author suggests 2-3 months}.—7. 
ZLausner, M.D. 


BRYANT, LEsTER R., and SPENCER, FRANK C. 
Occlusive disease of subclavian artery. 
7F.4A.M.A., April 11, 1966, 796, 123-128. (Ad- 
dress: Dr. Bryant, University of Kentucky 
Medical Center, Lexington, Ky.) 


Fourteen patients whose primary symptoms were 
due to subclavian artery occlusive disease were eval- 
uated clinically and by arteriography. Seven com- 
plained only of ischemic symptoms of an upper ex- 
tremity, 3 only of vertebral-basilar insufficiency, and 
4 had both symptom patterns. Contrast visualization 
of the aortic arch was obtained in 12 of the 14 pa- 
tients. In 1 of the 2 patients in whom arteriography 
was omitted, the partially obstructed vessel was an 
aberrant retroesophageal right subclavian artery, the 
lack of this knowledge making the surgical procedure 
considerably more difficult. 

Characteristically, occlusive disease of the right 
subclavian artery began at its origin from the innom- 
inate artery and involved a segment 2 to 4 cm. in 
length. Occlusive disease of the left subclavian artery 
was also present primarily at the origin of this vessel 
from the aorta, but 2 of 6 patients showed disease 
beginning distally with involvement of the origin of 
the left vertebra] artery. 

Subclavian steal was noted in 7 of the 12 patients. 
A difference in blood pressure of 20 mm. Hg or more 
in the two arms was noted in all patients in this 
series. Those with primary symptoms of upper ex- 
tremity ischemia showed differences of so mm. Hg or 
more. Those with cerebral ischemia were under this 
figure, suggesting that in these patients the vertebral 
artery delivers to the arm a significant amount of 
blood intended for the cerebral circulation. 

The authors emphasize that patients with similar 
angiographic findings may have different symptoms. 
They also point out that arteriography is necessary 
for the selection of a proper surgical approach for 
relief of the occlusion: a high position of the inno- 
minate bifurcation may allow a supraclavicular ap- 
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proach; otherwise, a midline sternal incision or a 
posterolateral thoracotomy is required.—Stephen A. 
Kieffer, M.D. 


VIGNE, J., DEBoNNIERE, C., GARRETA, L., and 
Kızın, P. Le syndrome de Pegot-Cruveilhier- 
Baumgarten. (The Pegct-Cruveilhier-Baum- 
garten syndrome.) ¥. deradiol., d électrol. et de 
méd. nucléaire, Nov., 1965, 46, 763-764. 
(From: Services de Première Médecine and 
d’Electroradiologie de P'H.M.I., Val-de-Grâce 
Paris, France.) 


This syndrome consists of the combined associa- 
tion of the abnormal persistence of the umbilical vein 
and a cirrhosis of any etiology, together with portal 
hypertension. 

The disease bearing the same name is character- 
ized by a primary anomaly of the portal system with 
permeability of the umbilical vein and a peri-um- 
bilical subcutaneous tumor. In the original descrip- 
tion the liver was normal. 

Clinically, the syndrome may be suggested if there 
are voluminous peri-umbilical varices. If these 
varices are not noticed clinically, they will be re- 
vealed by splenoportography. 

The authors report a case of this syndrome in a 54 
year old male with a history of ethylism, hepato- 
splenomegaly, and para-umbilical varices without 
ascites or esophageal varices. The case was investi- 
gated by means of splenoportography and laparos- 
copy. A hepatic biopsy revealed an atrophic cirrho- 
sis.—H. P. Lévesque, M. D. 


FonKALSRUD, Errc W., Linpe, Leonard M., 
and Lonemire, Wititam P., Jr. Portal hy- 
pertension from idiopathic superior vena 
caval obstruction. 7.4.M.4., April 11, 1966, 
796, 129-132. (Address: Dr. Fonkalsred, 
Department of Surgery, Center for the 
Health Sciences, University of California, 
Los Angeles, Calif.) 


The combination of extensive idiopathic medias- 
tinal and retroperitoneal fibrosis in a child resulted in 
obstruction of venous return to the heart with both 
systemic and portal venous hypertension. Jugular 
venography demonstrated marked dilatation of the 
brachiocephalic, jugular, and subclavian veins with 
large dilated collateral channels extending to the 
chest wall and eventually to the azygos system. 
Femoral venography showed complete obstruction of 
the common iliac veins and the inferior vena cava. 
The portal hypertension was thought to be due to 
obstruction of the hepatic veins at their junction 
with the inferior vena cava. 

Portal hypertension had resulted in bleeding 
esophageal varices and marked ascites which was 
refractory to medical management. Portal decom- 
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pression was undertaken as a lifesaving measure, but 
because of the obstructed inferior vena cava, the 
usual surgical procedures, e.g., portacaval or sple- 
norenal shunt, would have been of no value. A novel 
procedure was therefore devised, involving insertion 
of a teflon tube graft between the splenic artery and 
the left lower lobe pulmonary artery. There was 
immediate significant fall (39 to 32 cm. of water) in 
pressure in the splenic vein, and the patient 1s much 
improved symptomatically on follow-up g months 
after the procedure.—-Stephen A. Kieffer, M.D. 


Dorrer, CHartes T., Friscue, Lovis H., 
Jupxins, MELVIN P. and MEULLER, ROBERT. 
The “nonsurgical” treatment of iliofemoral 
arteriosclerotic obstruction. Radiology, May, 
1966, 86, 871-875. (Address: Department of 
Radiology, University of Oregon Medical 
School, 3181, S.W. Sam Jackson Park Road, 
Portland, Ore.) 


The authors present a progress report on the 
technique of transluminal recanalization of arter- 
iosclerotic obstructions with particular emphasis on 
the problems encountered, the current criteria for 
case selection, and areas of future promise. 

The technique of transluminal recanalization is 
basically that of a probe directed through a narrowed 
or obstructed lumen, followed by radial displace- 
ment and molding of the atheromata to re-create or 
widen a vessel lumen. Such an approach tends to 
eliminate the rough lumen and abrupt changes in 
caliber which predispose to thrombosis after endar- 
terectemy or bypass grafting. The procedure is usu- 
ally performed under local anesthesia and, after 
appropriate percutaneous needle entry, a coil spring 
guide is introduced. The guide is maneuvered across 
the obstructed segment with the assistance of image 
intensification fluoroscopy. Thereafter, tapered ra- 
diopaque teflon dilating catheters are passed coaxi- 
ally over the coiled spring guide, enlarging the path 
of the guide wire. A dilute contrast medium is used 
intermittently during the dilatation and following its 
completion for both fluoroscopic and conventional 
arteriographic assessment of progress. All instru- 
ments are withdrawn at the conclusion of the proce- 
dure and hemostasis is achieved with manual com- 
pression over the entry site. After a successful re- 
canalization, patients are given daily intravenous in- 
fusions of dextran for 3 days and encouraged to walk 
immediately, 

The present series includes 113 procedures on 74 
patients but, since several of the patients had bilat- 
eral lesions, 82 different limbs or individual lesions 
are represented. The majority of lesions were located 
to the femoro-popliteal system but 7 were in the pos- 
terior tibial arteries and 6 involved the iliac arteries, 
Numerous patients had frank gangrene for which 
amputation appeared the only recourse and the con- 
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templated amputation was averted in at least 8 in- 
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stances. The results are encouraging, both as to the 
immediate and long-term effect on the limb circula- 
tion as the symptoms and signs were successfully 
improved in 32 patients. In 37 patients, no appreci- 
able charge was noted and in only 3 did the condition 
appear worsened. 

The most dificult problem encountered during 
transluminal recanalization of a totally occluded 
vessel is that of a coiled spring guide either entering a 
peri-atheromatous cleavage plane or perforating the 
vessel wall. Although neither endangers the patients, 
such may preclude the lumen-to-lumen_ traverse 
which is essential to success. Numerous techniques 
have been tried to overcome this difficulty, including 
gas as a dissecting agent and a special long blunt- 
ended hypodermic needle, but none has been entirely 
satisfactory. The greatest success with the technique 
will be obtained in patients with arterial narrowing, 
rather than complete occlusion, as the residual lumen 
provides a readily followed route for the spring guide. 
In such a situation, transluminal therapy should be 
successful go per cent of the time with a reasonable 
prospect of lasting benefit. 

Ideally, transluminal dilatation should be em- 
ployed in an attempt to prevent the development of 
severe arterial obstruction and attendant ischemia of 
alimb. From a practical standpoint, the procedure is 
strongly indicated in impending or actual gangrene, 
regardless of whether the responsible occlusion 1s 
incomplete obstruction or total, It may be used after 
a surgical failure, such as endarterectomy or bypass 
grafting, and can be repeated in a previously dilated 
vessel presenting additional areas of narrowing. 

Much remains to be done in exploring the future 
possibilities of this technique but progress has been 
made in application to sites other than the leg ar- 
teries. Several successful instances of thac artery 
recanalization are presented by the authors and a 
recently fabricated reinforced balloon-type dilator is 
illustrated. With newer instrumentation, the renal 
and brachiocephalic arteries represent a promising 
area for future application and transluminal therapy 
has recently been used in the transaortic treatment 
of coronary atherosclerosis, an area which probably 
offers the greatest potential of all -—Edward B. Best, 


ALD. 


Jackson, Recinatp J. A. Complications of 
lymphography. Brit. M. F., May 14, 1966, 7, 
1203-1205. (From: Department of Obstetrics 
and Gynaecology, Queen Elizabeth Hospital, 
Birmingham, England.) 


The minor complications of lymphography are 
well known and have been extensively described in 
the literature. These are transient fever, cough, 
malaise, nausea, tachycardia, and local infection on 
the dorsum of the foot. Oil embolization is commonly 
seen on chest roentgenograms, and may be asymp- 
tomatic or cause fever and cough. Several severe re- 
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actions have been seen, and 4 deaths attributed to 
oil embolization have been reported. The develop- 
ment of untoward effects depends on the amount of 
contrast medium which directly reaches the lungs, 
and on the presence of pre-existing pulmonary dis- 
ease. The dosage must be lowered in patients with 
demonstrated lymphatic obstruction, as an increased 
incidence of embolization is seen in these cases, pre- 
sumably due to lymphatico-venous anastomoses. 
The complications of 110 consecutive successful 
lymphangiographies done on females with genital 
carcinoma were evaluated. Minor complications were 
seen in 30 per cent. Three patients developed deep 
venous thromboses of the legs and pulmonary throm- 
boembolism. All 3 had extensive malignant disease of 
the pelvis, and since there is a well known relation- 
ship between pulmonary thromboembolism and 
extensive malignancy, the association with lymph- 
ography may be coincidental. However, the venous 
stasis occurring over the several hours during the 
examination probably contributed to the complica- 
tion. Soft foam mattresses and periodic passive exer- 
cise have been utilized since. Six patients had hemop- 
tysis. This probably resulted from breakdown of oil 
and release of fatty acids in the lungs.--Mark D. 


Reiss, M.D. 


Doran, Parrick A, Lymphography: complica- 
tions encountered In $22 examinations. 
Radiology, May 1966, 86, 876-880. (Address: 
Department of Radiology, Methodist Hos- 
pital of Indiana, Indianapolis, Ind.) 


The author reports a high incidence and wide 
variety of complications, mostly minor and of short 
duration, encountered during or after intralymphatic 
injection of ethiodol for lymphography in 522 ex- 
aminations. A total of 11g, or 26 per cent of these pa- 
tients had complications apparently related to the 
ethiodol injected. 

The most common complication, both singly and 
occurring concurrently with other reactions, was a 
low-grade febrile response beginning about 4 hours 
after the injection and lasting 4-6 hours. This is 
thought to be a pyrogenic systemic response to the 
contrast medium. Over half of these 97 patients had 
roentgenographically demonstrable oi! micro-embol 
in their lungs which, in the great majority, were no 
longer visible after a maximum of 3 days and caused 
the patients no distress. However, 1 of this group 
developed frank bilateral bronchopneumonia 24 
hours after the injection and another (a child) devel- 
oped pulmonary densities with fever, wheezing and 
coughing which persisted for about 1 week. 

Nausea and/or vomiting occurred with 23 pa- 
tients, usually soon after the injection and transitory 
in nature. Seventeen patients experienced pain in the 
injected limb, groin, or back during or after injection, 
The majority were relieved upon decreasing the in- 
tection pressure but a few with obviously abnormal 
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lymph nodes, particularly those with lymphoma, 
experienced constant dull groin or back pain for up 
to 24 hours after the injection. Seven patients devel- 
oped respiratory difficulties, s of whom had transi- 
tory symptoms consistent with mild bronchospasm, 
The other 2 mentioned above developed pneumonia 
or a pneumonia-like condition. Life-threatening re- 
actions occurred with 2 patients-—-1 a hypertensive 
episode and the other an anaphylactic hypotensive 
reaction, Seven patients had localized reactions at- 
tributable to the iodine in ethrodol—-2 developed 
iodine sialitis and s had a rash in the injected limb 
which were mainly of short duration, although 1 rash 
persisted for 4 weeks. 

There were a number of problems involving factors 
of technique, including 13 cases of unsuccessful 
study due to failure to find a cannulable lymph vessel 
(usually due to pedal edema) or inability to maintain 
cannulation. In 1 case a vein was unintentionally 
cannulated. Local infections occurred in § patients, 
including a case of lymphangitis and 4 infected cut 
down sites. 

The author did not find any permanent lymphatic, 
renal or pulmonary changes on repeat lymphography 
ata later date or at autopsy m some of these patients. 
He states that, although [ymphography is time-con. 
suming and associated with a high percentage of 
complications, most of these are minor and of short 
duration. In selected patients it is a valuable diag- 
nostic and prognostic method and most of these 
examinations can be performed on an out-patient 
basis.--Victor B. Brasseur, M.D. 


GENERAL 


SaLomMont, Enzo. (Rome, Italy.) Méthode de 
Turano pour l'étude des fonctions motrices 
des visceres musculaires creux (exploration 
simultanée roentgencinématographique et 
des pressions). (Turano’s method applied to 
the study of motor-functions of hollow 
muscular viscera [simultaneous roentgen 
cinematographic and pressure recording].) 
7. de vradtol., d électrol. et de méd. nucléaire, 
Nov., 1966, £6, 707-719. 


In 1956 Turano devised, in the laboratory of the 
Radiological Institute of the Rome University, a 
method for the study of esephageal mobility which 
was soon adapted to the exploration of motor-func- 
tions of all hollow muscular viscera. 

This method consists of the simultaneous record- 
ing of intravisceral pressures and radiocinematog- 
raphy. It allows the observation of the morphologic 
and dynamic aspects of each phenomenon occurring 
in the hollow nuscular viscus under investigation. 

After describing the technique and its use, the 
author illustrates the salient results obtained during 
investigations of the digestive tract, the biliary tree, 
the urinary apparatus and the female genital tract. 
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He presents the advantages and the potentiality for 
analytic studies offered by the synchronized com- 
bination of radiocinematography and pressure re- 
cording. Finally, he discusses the limitations inherent 
on the use of this method.—-H/. P. Lévesque, M.D. 


Kostowskl, L., and Wetter, S. The applica- 
tion of X-ray image intensification to ortho- 
paedic surgery, German Med. Monthly. Feb., 
1966, 77, 61-62. (Address: Chirurgische 
Universitatsklinik, Hugstetter Str. ss, Frei- 
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burg/ Br., Germany.) 


The authors advocate the use of mobile image in- 
tensification units in orthopedic surgery. These 
should rotate along a semicircle about a horizontal 
and vertical axis, making them highly versatile for 
fuorescopy and radiography. However, they admit 
that care must be used not to turn on the image 
intensifier more frequently or for longer periods than 
necessary. 

They have used this apparatus in repositioning 
fractures of the arm, hand, femur, lower leg and 
calcaner. They have also employed it in percutaneous 
pinning of bones of the arm and leg and femoral neck 
fractures. With this technique the fracture is not ex- 
posed and infection is reduced to a minimum.--- 


Arthur E. Childe, M.D. 


Wist, Roperr E., and Ganson, Jorge. Sub- 
traction technic: video and color methods. 
Radiology, May 1966, 86, 814-821. (Address: 
Department of Diagnostic Radiology, Lahey 
Ciinic Foundation, 605 Commonwealth Ave- 
nue, Boston, Mass.) 


The authors describe refinements of the subtrac- 
tion technique with television cameras and with color 
methods and discuss their advantages and disadvan- 
tages. 

The video method uses 2 television cameras of the 
Vidieon type, with the polarity of one camera re- 
versed to create a diapositive image—the two images 
are then superimposed on a single monitor, to pro- 
duce a subtracted image. 

In the authors’ experience, the video method pre- 
sents several difficulties: (1) it is time-consuming, re- 
quiring numerous electronic adjustments, and (2) the 
size of the field in which perfect superimposition of 
images can be obtained is only }~3 of a 10X12 inch 
roentgenogram. However, this technique enhances 
contrast, often showing vessels clearly which are 
barely perceptible to the unaided eve. This has been 
particularly useful to the authors in abdominal 
aortography and in cerebral angiography where con- 
fusing bone shadows may be eliminated. The method 
has been of little value in enhancing tumor stains. It 
frequently helps to enhance contrast in cardiac angi- 
ography, especially in the left cardiac chambers, 

Color subtraction depends on production of white 
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light by the addition of primary colors or the produc- 
tion of a tard color from 2 primary colors, Roentgen- 
ograms, viewed on 2 viewboxes, one producing a red 
light source, the other a blue light source, are seen as 
a composite image through a beam-splitting mirror. 
Arteries are portrayed in red, and veins in blue, and 
the background structures in neutral tones. 

The authors state that the video system is superior 
in its abiliry to enhance contrast, and is easil y photo- 
graphed with Polaroid film for rapid evaluation of 
examinations. It is much more expensive than the 
color technique however, and requires lengthy pre- 
examination adjustments of the video apparatus. 
The color method, on the other hand, is valuable as a 
teaching medium, and superior in superimposition, 
rehability, and simplicity. James A. Cunyus, M.D. 
Ten Care, Harry W., Jonomans, H., and 
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ZIEDSES DES PLantres, B. G. Subtraction 


Urology, Department of Surgery and the 
Department of Radiology, University of 
Amsterdam Medical School, Amsterdam, 
Netherlands.) 


The subtraction method applied to radiographic 
technology is a procedure of value which under cer- 
tain conditions eliminates unessential shadows. It 
can be readily applied to renal angiograms with re- 
sulting improvement in visualization of the impor- 
tant structures to be studied. 

To obtain good results with the subtraction techni- 
que, two alms are necessary which are the same 
excepting for the presence of contrast medium in one 
of them. Prior to aortography, a survey roentgeno- 
gram is made of the renal area under standard tech- 
nical cond#tions with careful attention ot the phase of 
respiration. From this film, a diapositive print is 
made, 

The renal angiogram is made by the customary 
method with great care to maintain the patient’s 
position arc stage of respiration similar to that of the 
original survey roentgenogram. The actual subtrac- 
tion is done by placing the arteriogram on a glass 
plate beneath the diapositive. Both films are care- 
fully super:mposed in the darkroom and a third print 
is then made by exposure to a measured amount of 
light. Whea this latter film is processed, it represents 
a final subtraction print. These prints are usually 
made with high contrast film or paper. 

In this erticle, the authors show the value of the 
subtraction technique in renal angiography in pa- 
tients who have renal artery lesions, renal cysts, and 
renal tumors. The subtraction method may be par- 
ticularly helpful in those patients who are unusually 
heavy, in taose who have superimposed bowel gas, or 
in those instances where an opinion on the fine ar- 
terial branches is needed. In the differential diagnosis 
of renal cyst and tumor, subtraction may clarify the 
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picture to such a degree that surgical exploration 
may be unnecessary. 

The authors include 10 figures which illustrate the 
technique and its application.-George W. Chamber- 
lin, M.D. 


RADIATION THERAPY 


Kaurman, B., Pearson, O. H., SHeary, C. N., 
CHERNAK, E. S., SAMAAN, N., and STORAASLI, 
J. P. Transnasal-transsphenoidal yttrium-go 

pituitary implantation in the therapy of 

acromegaly. Radiology, May, 1966, JÓ, 915- 

920. (Address: Western Reserve University 

School of Medicine, Cleveland, Ohio.) 


Yttrium go was introduced into the sella turcica 
via a transnasal, transsphenoidal approach in the 
treatment of g patients with active acromegaly. 
There was no evidence of suprasellar extension or 
optic nerve compression in any of these patients. 
Five had received previous external irradiation with- 
out lasting significant improvement. Pre-implanta- 
tion roentgenograms and laminagrams were obtained 
to determine the volume and geometry of the en- 
larged gland. In markedly asymmetric enlargements, 
arteriography was employed to evaluate the lateral 
margins. Pneumoencephalography probably should be 
utilized in all patients to visualize the diaphragma 
sellae. 

Under sterile conditions, the Y* rods were placed 
in nylon jackets and implanted in the enlarged pitul- 
tary according to the screw implantation technique 
of Forrest. The rods were all 2 mm. in diameter and 
varied in length, with combination of 2 and 3 mm. 
lengths being employed. 

At surgery, the patient’s head is placed in a head- 
holder and the nose is packed with gauze soaked ina 
so-so mixture of 4 per cent cocaine and zephiran. 
Five minutes later, the cannulae are advanced to the 
floor of the sphenoid sinus with fluoroscopic moni- 
toring. After a suitable angle is obtained, the floor or 
the sphenoid sinus is drilled and the cannulae are 
advanced to the floor of the sella. Roentgenograms in 
the lateral and posteroanterior projections are taken, 
When proper alignment is obtained, the floor 1s 
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drilled and tapped and the active sources and screw 
are inserted. All patients showed improvement as 
evidenced by objective tests such as urine calcium 
excretion, change in size of the hands and feet, 
serum phosphorus levels, serum insulin levels during 
glucose tolerance tests, and insulin and glucose toler- 
ance. Serum growth hormone levels showed a de- 
crease and subjective improvement was present in all 
patients. 

There were few complications in this group of 
acromegalic patients. Cerebrospinal fluid rhinorrhea 
developed in 2 patients. Diplopia occurred in 1 pa- 
tient. Damage to cranial nerves is a major reported 
complication and the late development of a malig- 
nant neoplasm, especially a sarcoma of the heavily 
irradiated tissue, remains a possibility. Meningitis 
may result with potentially fatal consequences, 

It is concluded that interstitial irradiation with Y™ 
cannot regularly achieve ideal treatment of acromeg- 
aly. However, the response to therapy in this group 
of patients appears to be satisfactory, and this tech- 
nique may have a place in the therapy of acromegaly 
in carefully selected patients.. W. Sommer, M.D. 


SanpLER, Henry C. Errors of oral cytodiag- 
nosis: report of follow-up of 1,801 patients. 7. 
Am. Dent. A., April, 1966, 72, 851-854. 
(From: Dental Service, Veterans Administra- 
tion Hospital, 800 Poly Place, Brooklyn, 
N. Y.) 


The author assesses cytodiagnostic accuracy. Oral 
abnormalities were found in 2,758 patients. 

There was a high degree of positive correlation be- 
tween the biopsied specimens and the cytologic diag- 
nosis. 

The exceptions were as follows: (1) On cytologic 
examination there were 8 “false” negatives and 7 
“false” positives; (2) 22 cases demonstrated positive 
cytodiagnosis with an initial negative biopsy. This 
signified a 2.5 per cent error with respect to cy todiag- 
nosis and a 3.7 per cent biopsy error. 

It is concluded that oral cytodiagnosis can be 
effective in the early diagnosis of oral cancers.— 


Henry Haven, M.D. 
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Excretory urogram with Hypaque 50 per cent 
(30 cc.) Hydronephrosis, right, secondary 

to cancer of the bladder, blocking the 

orifice of the right ureter; 25 minute film. 


when instrumentation is undesirable precise excretory uregraphy 


There are many patients where cystoscopy or catheterization is either undesirable or 
impossible in determining urinary tract pathology. This may be due to mechanical 
difficulties (e.g., deformity, anomaly, etc.), debilitated states, infancy, advanced age, 
infection, pregnancy or after extensive pelvic operations. 


In such cases, Hypaque Sodium 50% often provides precisely defined urograms of the 
kidneys, ureters and bladder, with valuable information about their functional activities, 
undisturbed by instrumentation. Further advantages are: (1) no age limit to the 
procedure, and (2) no need to administer an anesthetic. 


Contraindications: Advanced renal destruction associated with severe uremia, 
anc multiple myeloma. 


Precautions: Caution is advised in patients with hypertnyroidism, hypertension, severe 
cardiovascular disease, active tuberculosis, and a history of asthma or other allergy, 
especially to iodine. Because of the possibility of temporary suppression of urine, itis 
wise to allow an interval of at least 48 hours before repeating retrograde or excretory 
urography in patients with unilateral or bilateral reduction of normal renal function. 


Side effects: Excretory urographic agents may produce symptoms of an anaphylactic” 
nature in sensitive persons. Patients should be watched carefully during injection as 
serious reactions, including fatalities, have occurred with all commonly used mediums. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, dizziness, 
urticaria, and muscular twitching may occur. Infrequentiy “iodism” (salivary gland 
swelling) appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urography with Hypaque, protein-bound iodine is elevated 
and the thyroid I'*' uptake is lowered, returning to normal after the 3rd and 4th 

days respectively. 


Supplied: In sterile aqueous solution, Ampuls of 30 cc. (with 1 cc. test ampuls), boxes of 
1, 10 and 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes of 1, 10 and 25. 


*Physicians should study the package insert for information on preventive measures and management of 
untoward reactions before administering Hypaque (diatrizoate sodium). 
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O U CAN m PERFORM ROUTINE THERAPY FASTER, WITH 


MORE PRECISION 


PERFORM ADVANCED THERAPY NOT BEFORE 
POSSIBLE WITH STANDARD MEDICAL LINACS 


CONDUCT A WIDE RANGE OF RESEARCH PROGRAMS 
USING X-RAYS, ELECTRONS, OR NEUTRONS. 


The Mevatron 8 is the first medical linear accelerator that not 
- only speeds routine fixed or rotary therapy, but also gives you the 
ability to perform advanced therapy and research using high 
X-ray outputs, the electron beam, or neutron production. You get 
an energy range of 3-10 MeV, with energy levels push-button 
selectable in 1 MeV steps. 


Advanced Therapy High X-ray output and the retractable beam 
shield on the Mevatron 8 make it especially useful for techniques 
such as hyperbaric oxygen therapy and whole body irradiation. 
Its wide energy range and its capability for increased depth dose 
allows treatment of deep seated tumors with fewer fields. 
Electron therapy is especially effective because of the minimal 
X-ray contamination of the beam (less than 0.1%). 


Examples of associated therapy techniques include management 
of advanced cases of mycosis fungoids and Kaposi's 
Hemorrhagic sarcoma. You'll also find it easier to perform 
post-operative treatment of the rib cage and other areas where 
only skin penetration is involved, because the wide energy range 
of the Mevatron can be precisely controlled. 


Research and Experimental Uses In addition to the many 
therapy uses of the Mevatron, you also get a unique research 
Capability, to help you spread your initial investment over a 
broader range of productive functions. Examples include 
demonstration and investigation of radiation effects on medical, 
physical, and biological systems and the performance of in-vivo 
and in-vitro radiation studies. 


You can also use the Mevatron to produce neutrons, thus 
providing short-lived radioisotopes for analysis, diagnosis and 
therapy. Additional uses of the Mevatron include bone and tissue 
sterilization and the bulk sterilization of sutures and other 
hospital supplies. 


Complete Planning Assistance The Mevatron 8 is the most 
versatile medical linear accelerator available today, and to make 
sure that you get the maximum effective use from your 
investment, Applied Radiation has a strong program of 
assistance. Numerous experts within the company, and qualified 
consultants, can help you plan every step of the linear 
accelerator installation, from initial financing considerations 
through installation and complete therapy and research program 
planning. 


For a more detailed discussion of the therapy/research 
Capabilities of the Mevatron 8, write or call Applied Radiation in 
Walnut Creek, California. 
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CONSIDERING A RADIOTHERAPY ACCELERATOR? 


Twenty 6 MEV Varian Clinacs, in constant use 
throughout the world, provide a backlog of expe- 
rience available from no other source...a reason 
why there are twelve more Varian Clinacs on order 
as of September 1966. Customer cooperation, 
providing a constant feedback of practical infor- 
mation, has evolved a nearly ideal therapy unit. 
Retrofit, where important improvements have 
been achieved, and a sound program for preven- 
tive maintenance, have brought every unit to peak 


operation. Therefore, we urge all of our prospects 
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complete customer list. Please fill out the coupon, 
or write to us and we will loan to you, without 
obligation, a fact-filled 10-minute color film 
describing the Varian 6 MEV Clinac System. 

E Varian patient support assembly speeds posi- 
tioning and treatment for greater patient conven- 
ience and more efficient system use. 

E Greater than 350 rad/min/meter, flattened to 
+3% ...focal spot is less than 3 mm. Leakage radi- 
ation outside main cone is less than 0.1% of central 
axis intensity. 
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SEE THE VARIAN 6 MEV CLINAC* IN ACTION 


on arcs subtending the target and provide a wide 
range of field sizes, from zero to 27x30 cm at 1 
meter, with rounded corners. 

E Rotates 360° about the horizontal axis, while 
maintaining 1 meter between the target and the 
isocenter. No floor cutouts are required. Total 
variation of X-ray field flatness is maintained with 
+3% during 360° machine rotation. 

E With an overall height of 7’, the Clinac fits 
comfortably under an 8’ ceiling. The complete 


self-contained system requires far less space than 
other accelerators. 


Gentlemen: Please send me, free of charge: 


C] Your new 10-minute 16 mm Clinac film. [] Your Clinac 


brochure. O A list of Clinac installations. [J Additional 
technical information. [] Please have a Varian representa- 
tive call on me. 














varian 


radiation division 





611 Hansen Way 


Palo Alto, California , 
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90-second processing 
from Kodak— 


Now you can have 
excellent quality 
radiographs nearly 
5 times faster 


with a Kodak 
RP X-omat® System 


It’s easy and inexpensive. Your prese 

KODAK X-OMAT Processors, Model M4, M4/ 
and M4B, can be converted in their prese 

location to the 90-second processing cycle 
and M5s can be exchanged for factor 
converted 90-second models. * 


For new installations or expanding facilitie: 
you can order the new KODAK X-OMAT, Modé 
M6—the first automatic processor designe 
exclusively for 90-second processing. 
needs only 5 square feet of floor Space i 
the lighted area to process, dry-to-dry, 354 
sheets of film per hour, average of inte 
mixed sizes. 


There are two ESTAR Base films to mee 
your needs: 

KODAK RP X-OMAT Medical X-ray Film, wit 
speed and contrast equal to KoDAK BLU 
BRAND Medical X-ray Film. 

KODAK RP/S X-OMAT Medical X-ray Film, å 
faster emulsion with higher contrast. 


Both have the same sheet-to-sheet uniform 
ity you have come to expect of all Koda 
radiographic films. And you can process 
either RP X-omMAT or RP/S X-omatT Film b 
conventional automatic or hand processing 


Call your KODAK X-OMAT dealer or your Kodak 
Technical Sales Representative today. He’ 
show you how easy it is to convert to 90 
second processing. 


*Model M3 Processors, with their greater capac 
ity, can be converted to 180-second processing. 


o 


Eastman. Kodak Compan 
Radiography Markets Division 
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From single room, 
to great center 
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300 kV STABILIPAN Cs 137 CAESA-GAMMATRON 
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SIEMENS 


one of the world’s 
greatest names 
in therapy! 





SIMULATOR 18-MeV-BETATRON 





feV-BETATRON 


$ 


SIEMEN 


Energy levels from 10 kV to 42 Me\ 


DERMOPAN 

for superficial X-ray therapy 

10 kV - 29 kV -43 kV * 50 kV 

0.4mm 3mm 7.5mm 12.5mm/18mm HVL in tissue 


STABILIPAN 
for intermediate and deep X-ray therapy from 
60 kV to 300 kV 


CAESA-GAMMATRON 
for intermediate and deep therapy with Cs 137, 
available with cones or collimator 


GAMMATRON 1, 2,3 

for deep therapy with Co 60, various 

degrees of flexibility, sourcehead 

capacities up to 10000 curies various 

treatment distances and degrees of motorization 


18-MeV-BETATRON 

for deep therapy with 18-MeV X-rays, 
and superficial or intermediate therapy 
with electrons from 4 MeV to 18 MeV 


42-MeY-BETATRON 

for deep therapy with 42-MeV X-rays, 

and superficial, intermediate and deep therapy 
with electrons from 5 MeV to 42 MeV 


SIMULATOR 
for precise localization with or without TV 
and radiography 


Also dosimeters, gammameters, treatment table: 
and chairs, TV patient observation, etc. 

Complete planning and consultation services 
available on request. 


SIEMENS MEDICAL OF AMERICA INC. 
685 Liberty Avenue 
UNION - NEW JERSEY 07083 - U.S.A. 


Can a single machine 
process films for: 


C] emergency 

C] surgery 

O arteriography 
C orthography 

C] mammography 
O fluorography 
O cine film 


in your choice 
of processing... 


C] 7minute 
[13% to 4 minute 
£O 90 second È 


YES, if it’s a Pakorol-XM 


Many hospitals find that a single 
Pakorol-XM processor will handle 
films from all departments. A versatile 
unit, it gives you a choice of film and 
chemicals for either 7 minute or 3!» to 
4 minute processing. Also, if you 
choose, it can be quickly and economi- 
cally adapted to 90-second processing. 
Interested? Call your Pako Distributor 
or write for Bulletin XM. 


PAKO CORPORATION 





When time counts—count 
on Barnes-Hind Barotrast 


(SPECIALLY COMPOUNDED, MICRONIZED FORM OF BARIUM SULFATE) 
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technicians 
save time 


Barotrast" doesn't settle—stays 
in suspension all day. A day's 
supply may be prepared in ad- 
vance, saving technician's time. 





radiologists 
save time 


The superior coating deposited 
by Barotrast" minimizes unne- 
essary retakes and saves a 
good deal of time and film. 


— 


See 





patients 
save time 


Less reliable media may require 
repeat studies; Barotrast'’s de- 
pendability saves patients’ time. 


Barotrast” is the original high-density barium product for unsurpassed delineation. It suspends easily— 
and stays in suspension. Coverage is complete. Coating is thin, elastic, tenacious. Flow is steady, consistent, 
columnar. m Count on the Barnes-Hind Pneumocolon” to save additional time. It is a positive-flow device 
that allows barium-air contrast studies of the colon in one simple procedure. 


BARNES-HIND BARIUM PRODUCTS 
SUBSIDIARY OF BARNES-HIND PHARMACEUTICALS, INC. 


Sunnyvale, California 


“1966 BARNES-HINO BPA 105-7 


Metrix offers a broad range of ultrasonic analyzers for obstetric, 
neurological and other medical applications, including A-scopes, 
double A-scopes, and various modes of B-scope scanners. Please 
write for detailed information and specifications. 


METRIX, Incorporated 


POST OFFICE BOX 6222 * DENVER, COLORADO 80206 























e ATLAS OF HISTOPLASMOSIS 
AND NORTH AMERICAN BLAS- 
TOMYCOSIS: Radiology and Path- 
ology by Jan Schwarz, Jewish Hospi- 
tal, Cincinnati, and Gerald L. Baum, 
V. A. Hospital, Cleveland. Jan. ’67, about 
320 pp., about 429 il., 5 tables. 


NEW BOOKS 
FOR ROENTGENOLOGISTS 


e PRINCIPLES OF RADIOGRAPHIC 
EXPOSURE AND PROCESSING 
(2nd Ed., 3rd Ptg.) by Arthur 











SKULL RADIOGRAPHY: A Sim- 


Fuchs, Rochester, N.Y. Feb. °66, 300 pp. 
(7 X 10), 600 il., $10.50 


THE USE OF DIAGNOSTIC UL- 
TRASOUND IN BRAIN DISOR- 
DERS by Charles C. Grossman, Pres- 
byterian-University Hospital, Pittsburgh. 
Feb. ’66, 172 pp., 146 il., $9.00 


LEGAL CONSIDERATIONS ON 
IONIZING RADIATION: Radionu- 
clides and Radiation Emitting De- 
vices by Gerald L. Hutton, U. S. 
Atomic Energy Commission, Washing- 
ton. Aug. ’66, 104 pp., $5.50 
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plified System by Joseph Selman, 
University of Texas, Tyler. Sept. °66, 
about 194 pp. (7 X 10), about 205 il. 


AN OUTLINE OF RADIOGRAPHIC 
FINDINGS IN MULTIPLE-SYSTEM 
DISEASE by John H. Simonton and 
Robert C. Jamison, both of Univ. of 
California at Los Angeles. Jan. °66, 272 
pp., $11.75 


CHARLES C THOMAS ¢ PUBLISHER 


301-327 East Lawrence Avenue 


Springfield @ Illinois @ U.S.A. 





w= the diagnostic duality of 





MENSURATION VISUALIZATION 


(“A” mode) (“B” scan) 





Location of Brain Midline Sagittal section of Uterus demonstrating 
Fetal Head. 


amen diameter of Fetal Head. Ultrasonic Somagram of malignant Ovarian Cyst. 





measurement was 8.8 cm. Actual diameter at 
birth two days later was 9.0 cm. 


Ultrasonic diagnosis has already matured into a highly useful 
technique in several areas of medicine. It can often complement 
and confirm radiological diagnosis (and can sometimes even do 
that which x-ray methods cannot do safely or at all). Picker X-Ray, 
joined with Physionic Engineering, Inc., a pioneer in the ultrasonic 
field, now offers thoroughly reliable ultrasonic equipment. What 
does this mean to you? It means that the Picker organization, with 
its commitment to the satisfaction of its customers, is now 


uniquely able to serve you in this new field. Picker X-Ray Corporation 
White Plains, New York 





Your local Pi_xer representative will be glad to detail the story. Or see 
this equipment demonstrated at the Picker exhibit at the R.S.N.A. 
meeting, Palmer House, Chicago. 

Or write Picker X-Ray Corporation, White Plains, New York. 


| Bind Your 

Journal Issues 
Into Valuable 

Vigilant Volumes 


THE NEW IMPROVED 


STANFORD 
X-RAY STEREOSCOPE 
—CONSULTATION IN 3-D— 





Pertinent information you sometimes desperately need is too often 
in the Journal issue you cannot find. Single copies have a way of 
getting lost, misplaced or destroyed. It is better for you to let us 
permanently bind each journal into semi-annual or annual volumes 
—then your reference source is always complete, organized and 
instantly at your service. We call them "Vigilant Volumes''; they 
so carefully store and provide on instant notice so much knowl- 
edge of timely value. 





The cost per "Vigilant Volume,"' ky official commission from the 
| journal publishers is but $5.45 per volume, permanently hard bound 
in washable buckram, gold embossed with period dates, journal 
name and special insignia—plus your name stamped in gold leaf. 
Vigilant Volumes" are handsome ibrary additions too, real con- 
versetion pieces. These volumes are bound in the authorized colors. 


HOW TO ORDER 


Simply ship your journal issues to us via parcel post, together with 
your name, address, and remittance, at $5.45 per volume. Within 
45 days after receipt, bound volumes will be shipped to you pre- 
paid. 








International usage for 
over 30 years—be up to date 
See Your X-Ray Dealer | 
MABE IN SA— 


OSV SCHNEEMAN ELECTRONICS, INC. 
m GRANT'S PASS, OREGON 


PU3LISHER’S AUTHORIZED 
BINDERY SERVICE, Ltd. 


‘Binders of All Journals) 
732 South Sherman Street 
Chicago, Illinois 60605 
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Subscube today to 


THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 





Price $5.00 per annum in Canadian or equivalent funds. 








The Canadian Association of Radiologists, 
1555 Summerhill Avenue, 
Montreal 25, Quebee, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 
is enclosed. 


(Please print) 


T eee eee ee ee Pee ewe ae ae, @ ROA eels Pro vines: OF Stata ii. cascode .cs abe were COURS iia Bed 208 iON SE ee 





MAR A 


The real story is on the inside of the Ultima X-Ray Control Unit 


The story is modular unit construction. That’s what 
makes the Ultima X-Ray Control Unit unique. It means 
we can build it to your exact requirements without the 
cost or waiting normally associated with custom con- 
struction. You can actually choose from 1056 different 
possible combinations of controls, timer modes, and 
special features. You can also choose from either 400 
or 600 MA models with solid state or thermionic valve 
high-voltage rectified transformers. 


After you make your selection, Standard will quickly 
assemble an Ultima from pre-fabricated, pre-tested 
modular component units ready in stock. Result? The 
control unit to fit your exact requirements in the fastest 
possible time. 


You get more than just choice with the Ultima X-Ray 
Control Unit. You get flexibility too. At any time, simply 
by changing modules, you can modify or up-grade the 
Ultima to meet new requirements. For example, if you 
wish to convert from the control of conventional 60- 
cycle x-ray tubes to control of high-speed 180-cvcle 


x-ray tubes, the Ultima can be modified quickly, o 
the-spot, and with minimum cost. 


Servicing is simplified too. Modules and componer. 
can be serviced or replaced individually as require 
without dismantling the entire unit. Careful design h. 
kept al! parts readily accessible and easy to reac 


Mast important, you benefit from Standard’s 53 yea 
of experience in producing durable, dependable, ar 
quality x-ray equipment. Every bit of this experiens 
has gone into the design and production of the Ultin 
X-Ray Control Unit. 


Your Standard X-Ray dealer will be happy to expla 
the wide choice of options and other features availak 
to you. He can also tell you about Standard’s oth 
superior quality x-ray 
equipment. For the 
name of your local STANDARL 
dealer and a copy of 
our new catalog, just 
contact us. aoe 





STANDARD X-RAY COMPAI 
a subsidiary of Cenco Instruments Cc 
1932 N. Burling Şt.. Chicago, Ill. 60 


has this question been on your mind? 


IF WE CONVERT TO 
HIGH-SPEED FILM PROCESSING, 
WILL WE LOSE DIAGNOSTIC 
FILM QUALITY? 


The answer is NO...if you use Hunt Graph-O-Mat®90 Chemistry for processing films in the new Hunt 
Double Capacity System. This system cuts processing time in half while still maintaining diagnostic 
film quality equal to conventional processing. The Double Capacity System, developed and engineered 
by Hunt offers radiologists these advantages: m Doubles the film Capacity of existing processors 
m Delivers films of maximum diagnostic quality m Requires no change in techniques m Works in 
existing equipment, which can be converted in a few hours m Offers radiologists the choice of using 
most brands of film. Our sales force will guide you with up-to-the-minute advice on every aspect 
of the high-speed Double Capacity System and our trained staff of service engineers is ready to aid you 
in converting your existing processors. 





A new system for obtaining the maximum advantage from 
image intensification techniques. 


The CONTINENTAL BRADSHAW 


70mm image recording system supplants 
conventional spot film equipment. 


No cumbersome overhead suspension. 


Smooth, horizontal, slide-back parking to clear table top for bucky radi- 
ography, no rear projection, no chance to drop tube, does not change the 
balance of table when parked. 


Over 400 radiographic exposures without reloading. Removable receptor 
cassettes allow development of short runs of films. 


Fast changeover to radiography and instant filament boost. 
No cassettes required. 
Automatic film marking. 


Dynascope 6B high resolution Intensification Tube. 


a H 
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The BRADSHAW 


image recording system 


like all CONTINENTAL equipment is 





covered by the exclusive 5-year guarantee. 


jpm ‘i 
C cif 
Hive lll ml 
CONTINENTAL fe AY CORPORATION 
1536 NORTH CLYBOURN AVENUE CHICAGO, ILLINOIS 60610 
PHONE: (312) 642-3711 
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Has a new shipping package--more efficient than the old round box. 


It Is Easy To Take 
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A new package--but the contents remain unchanged. 
A simple formula for both oral and non-oral use. 

A combination of highest grade chemicals. 

Stays well in suspension--does not foam readily. 
Keeps well when made in advance of use. 

Most suitable for use in a hot climate. 

Has a very low calory content--note label on outside. 
Used all over the world. 


We are doing our best to keep the price down--your business 
helps. 


. We hope you like this new package. Your criticisms will 


be appreciated. 





BUCK X-OGRAPH COMPANY ST. LOUIS 36, MO. 


* X-Ray accessories for those who demand quality x 
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SQUIBB NOTES ON THERAPY F 


“... [pulmonary embolism] may exist in a grave form 
for a considerable time without objective signs 
being present on physical examination 
or routine chest films?” 


Julmonary embolism is a mimic. Because its symptoms re- 
semble those of other cardiorespiratory diseases — particu- 
‘ly myocardial infarction?” and pneumonia 4 investigators 
ve long sought simple and certain methods of diagnosing it. 
any diagnostic clues— but often no clinical picture 
til a few years ago diagnosis depended primarily on the clini- 
| history, physical findings, chest films, electrocardiograms, 
giography, and pulmonary function studies. Each of these 
is helpful. Sometimes not even all of them were conclusive. 


rgery, prolonged immobilization, metastatic carcinoma and 
uma often precede pulmonary embolism— but are not neces- 
‘ily followed by it. Pain, dyspnea, hemoptysis may signal pul- 
mary embolism— but they aren’t necessarily peculiar to it. 
 electrocardiogram may be normal in spite of it. And there 
no pathognomonic radiographie picture of pulmonary 
ibolism.® 


be clinically valuable, however, a new diagnostic test should 
et two criteria: 

it should be correlated with known pathology; ie. it should 
carefully compared with other diagnostic procedures; 

it should offer information not attainable as easily or as safely 
accepted tests.” 


monary arteriography meets the first criterion and is a most 
iable diagnostic tool. It is, however, a time-consuming pro- 
jure and one that requires experienced personnel.? 


„lung scintiscanning can detect an obstruction of the pul- 
mary circulation as soon as it is established.” T 

it only is the diagnostic procedure of lung scanning both safe 
d easy,” but there is information that is not attainable on 
est films. “...it appears that the lung scan can point to the 
e of the embolic lesions before signs of lung infarction are 
cognizable on plain chest films.”? 


e scan and the x-ray shown confirm this statement.* The 
otoscan of this female patient, aged 58, was taken August 13, 
99 with Albumotope-LS (Squibb Aggregated Radio-iodinated 
“17 Albumin [Human]). Pulmonary emboli are clearly evi- 
nt. The x-ray, taken the same day, shows no radiographie 
dence of pulmonary emboli. 


ng scanning meets both criteria for a clinically valuable diag- 
stic test, Findings are correlated with pulmonary function 
dies, angiography, pathology and the clinical state of the 
tient. And, scanning with Albumotope-LS has been proven 
be “simple, rapid, and safe in the diagnosis, localization and 





ustrations furnished through the courtesy of George V. Taplin, M.D., Harbor 
meral Hospital, Torrance, California, 








ultimate fate of pulmonary emboli.”* But the lung scan should 
not be relied upon as the only diagnostic procedure in the 
diagnosis of pulmonary embolism.) 


Dosage and Scanning Procedures: Recommended sean doses of 150 
to 300 micrecuries of Albumotope-LS (Squibb Aggregated Radio- 
iodinated [1'"?] Albumin [Human]) depending on the instrumenta- 
tion available and the technics employed. Scanning can immediately 
follow administration of slow intravenous injection or be delayed up 
to Lito P hours depending on preferred technie. 
Side Effeets and Precautions: Extensive clinical use of Albumotope- 
LS has not borne out the hypothetical possibility that particles of large 
size might induce deleterious cardiovascular or cerebrovascular effects. 
No antigenic properties have been specifically related to this product: 
one patient with a known history of angioneurotic edema, who had 
been given Lugol's solution in conjunction with aggregated radio- 
albumin similar to Albumotope-LS, developed urticaria. 
Radioisotopes should not be used in pregnant women, nursing 
mothers, or in patients under 18 years of age unless indications are 
very exceptional. 
Available: As a sterile, non-pyrogenic, aqueous suspension. Each ec, 
contains approximately 1 mg. aggregated human serum albumin la- 
beled with 800-1500 microcuries of iodine-I31 at time of manufacture. 
Also contains 0.9% benzyl alcohol as a preservative, 
References: 1. Haynie, T P, et ali: J. Nuel. Med. 6:613, 1965. 2, Sa- 
biston, D.C., Jr, and Wagner, H.N.: Ann. Surg. 260:575, 1964. 3. 
Cooley, R.N.. and Donner, M.W: Am. J. M. Se. 247-601, 1964. 4. 
Wagner, H.N., et alo New England J. Med. 271: 377, 1964. 5. Hinshaw, 
H.C., and Garland, L.H.: Diseases of the Chest, ed. 2, Philadelphia. 
W. B. Saunders Co., 1963, pp. 438-9. 6. Dworkin, H.J., et al: Michi. 
gan Med. 64: 829, 1965. 7. Quinn, J-L., et al.: Radiology 82:315, 1964, 


8. Taplin, G.V, et al: Health Physics 70:1219, 1964, i 
ALBUMOTOPE-LS 
RADIO-IODINATED (F) ALBUMIN (HUMAN) 


SQUIBB AGGREGATED 
to see evidence of pulmonary embolism 


before it appears on chest films 
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Van de Graaff” 
ACCELERATOR 


Improved Model AM Van de Graaff is the result of 





experience gained in 40 previous installations. 


MEETS THE MODERN, NEED: FOR 
LOV/-COST PRECISION. THERAPY 


Today’s Model AM 2 MeV Van de 
Graaff Therapy Unit continues to 
keep pace with the trend to low-cost 
precision therapy in leading hos- 
pitals and cancer clinics through- 
out the Free World. And for five 
good reasons: 


e Its less than 3 mm “point source” 
of x-rays allows optimum technics 
for both large and small treatment 
fields. 


e Its treatment beam is accom- 
panied by negligible penumbra. 


e Its Roentgen output exceeds that 
of a 5000 curie cobalt source. 


è Its x-ray output will not fall off. 
You can hold treatment techniques 
and parameters constant. 


e |t can be operated easily by a 
technician without a staff physi- 
cist in attendance. 





The Model AM Van de Graaff is a 
reliable, proven source of high- 
energy radiation. It offers more 
roentgens-per-dollar and has dem- 
onstrated less overall cost-per-treat- 
ment than any other comparable 
supervoltage source available today 
— including radioisotopes. 


Full time use of the reliable Model 
AM 2 MeV Van de Graaff Therapy 
Unit will amplify your technic range 
and expand your patient handling 
capacity. It is backed by the inter- 
national reputation of the leading 
manufacturer of particle acceler- 
ators — High Voltage Engineering 
Corporation. Write Medical Sales. 


Today’s Mode! AM is routinely operated 
by an easily-trained technician. 


HIGH VOLTAGE 
ENGINEERING corporation 


BURLINGTON, MASSACHUSETTS 
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This new Profexray manufacturing and research 
facility is the single most dramatic symbol of 
our growth... growth in the areas of research, 
design, development and production — and 
sales, too. 


Our aim will always be to provide the x-ray 
specialist with only the finest and most modern 
equipment to carry on his important work, 
And the only way we can accomplish this goal 
is to continue growing. 


(We’d love to have you visit us.) 


PROFEXRAY 


DIVISION OF LITTON INDUSTRIES 


515 East Touhy Avenue œ» Des Plaines, Illinois 60018 


GENERAL INFORMATION 


Manuscripts offered for publication and other correspondence relating to the editcrial management and 


books for review should be sent to Dr. Traian Leucutia, Editor, 401 Professional Building, Detroit, Michigan ` 


48201. Contributions may be sent in foreign languages and will be translated if found acceptable. Original 
articles are published with the understanding that they are contributed exclusively to THE AMERICAN Jour- 
NAL OF RoENTGENOLOGY, RADIUM THERAPY AND NUCLEAR MEDICINE. 

A certain number of illustrations will be supplied free of cost; but special arrangements must be made with 
the Editor and Publisher for excess illustrations and elaborate tables. 

Fifty reprints are furnished without charge to authors. Additional reprints may be purchased according to 
a scale of prices that accompanies galley proofs. As soon as each issue is printed, the type is destroyed except 
for reprint orders in hand. Reprint orders must be returned with corrected galley proof to the Editorial Office 
if additional reprints are desired. 
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same day re-examination 
in oral cholecystography 


obviously practical, but... 
diagnostically valuable? 





NSATISFACTORY opacification after routine cholecystog- 

raphy doesn’t necessarily mean the gallbladder is 
diseased. Poor absorption of the contrast agent from the 
® gastrointestinal tract, or the inability of the liver to conjugate 
and excrete it, might just as well be the cause.! 


‘Nonopacification’ is not a condition you can treat 

To determine the cause of nonopacification, most physicians 

request re-examination. There are two ways this has been 

done by the oral route in the past: 

o by starting all over again at a later date — and sometimes 
doubling the dose of contrast agent on the second try; 

e by administering more contrast agent the evening of the 
first unsuccessful examination (and, again, sometimes 
doubling the dose) and repeating the study the following 
day. 

Both these methods share two inherent disadvantages. They 
take a good deal of time, and they require the patient to 
take a good deal of oral contrast agent. The amount given 
assumes clinical importance because it has been reported 
higher doses may result in considerable patient discomfort 
because of diarrhea and other significant side effects.! 

Recently it’s been demonstrated, however, that the use of 

Oragrafin Calcium (Squibb Calcium Ipodate) permits re- 

peat films with significant cuts in both time and total dosage. 


Oragrafin Calcium—absorbed so rapidly you can 
re-examine the same day 

“The advantage of the calcium ipodate method is that the 
examination can be completed in five additional hours with 


a limited dose of contrast agent.”! 


The method is as productive as it is simple. If the initial 


-q opacification is unsatisfactory, the patient is given 3 Gm. 





ORASAN 


SQUIBB IPODATE 


for routine or rapid cholecystography 








of calcium ipodate. Films are repeated 5 hours later. Here 
the results of a recently published study on same day 
examination using Oragrafin Calcium: ! 





ANALYSIS OF ORAGRAFIN CALCIUM REENFORCEMENT 
IN 76 CASES OF UNSATISFACTORY INITIAL OPACIFICATION 





ite ds ; g Normal by present criteria 20 
Positive information 24 $ Cholelithiasis 4 


Abnormal gallbladder (by inference) 52 

Correlation of x-ray findings and surgical data was excellent. Be- 
cause many patients were elderly or had complications contraindicat- 
ing it, surgery was performed in only 13 cases, with these results: 
Stone — 6; Liver metastases — 3; Carcinoma of pancreas — 1; Carcin- 
oma of gallbladder — 1; Cirrhosis — 1; Normal — 1 





Had the initial failure of opacification been assumed to 
due to gallbladder disease, the 20 patients (26%) fot 
normal by re-examination might have been erroneou 
diagnosed and might have undergone unnecessary surget 


“Same day re-enforcement oral cholecystography utiliza 
calcium ipodate . . . is a rapid, accurate, low-dose method 
obtaining additional information about a gallbladder wh 
is unsatisfactorily opacified following routine cholecyste 
raphy.”! 

There are other advantages to such rapid absorption. Ew 
without prior preparation of the patient, both cholangi« 
raphy and cholecystography can be performed on the sa 
day. Optimal concentration in the hepatic and biliary dv 
usually occurs within 1 to 3 hours. Although the gallblad, 
is optimally opacified approximately 10 hours after ingest 
of Oragrafin, diagnostically valuable information can of 
be obtained within 5 hours or less. 


Dosage and Administration: For oral combined cholangiography 

cholecystography: Same day — Oragrafin Calcium Granules — 2 pac 
| hour before initiating examination. Overnight — Oragrafin Calc 
Granules—1 packet or Oragrafin Sodium Capsules (Squibb Sodium 

date) — 6 capsules 10 to 12 hours before radiography, plus an additi 
packet of Granules one hour before examination. 


Supply: Oragrafin Calcium Granules — single-dose foil packets of 3 @ 
of calcium ipodate granules, providing 61.7% iodine content. Oragm 
Sodium Capsules — 0.5 Gm. sodium ipodate per capsule, providing 61. 

iodine content. 


Contraindications: Contraindicated for persons sensitive to oral io 
compounds or for patients with combined renal and hepatic disease 
severe kidney impairment. Gastrointestinal disorders (which may re 
in inadequate biliary secretion of medium) often impair visualizatior 
Side Effects and Precautions: Both calcium and sodium ipodate 
usually well tolerated. Mild and transient nausea, vomiting, or diar 
sometimes occur; but the incidence can be reduced by using the calc 
Granules and restricting the dosage to 3 Gm. 


Hypersensitivity reactions may include urticaria, serum sickness 
reactions (fever, rash, arthralgia), other skin reactions, and rarely 
phylactoid shock. They are more likely to occur in the individual wi 
hypersensitivity diathesis. Antihistamines and corticosteroids are use 
control these side effects, but the occasional serious anaphylactoid react 
require the immediate use of epinephrine or phenylephrine, oxygen, 
intravenous corticosteroids. For full information see Package Insert. 
Reference: 1. Crummy, A. B.: Wisconsin M. J.: 65:84, 1966. 


‘The Priceless Ingredient’ of every prod 


ie tha hanar and intaaritu af ite malar 


In one page we couldn’t outline 
all the important features of the 
M.E.L. SL75 linear accelerator 





the MEL SL75 
medical linear accelerator CGO 





so we offer this book 


17 years of practical experience has gone into the M.E.L. SL75, an advanced, 
reliable, precision engineered linear accelerator now in use throughout the 
world. But it will take you only a few minutes to write for the free booklet. 


GOGO 


The M.E.L. Equipment Company Ltd., Manor Royal, Crawley, Sussex, England. 


This equipment is sold in the USA through 
NORTH AMERICAN PHILIPS CO INC 
100 East 42nd Street New York 17 NY 
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...the MEDICAL BENEFITS of Cobalt 60 
radiation! 


.. . WOW AVAILABLE to all peoples of the world 
through AECL’s modern family of teletherapy 
units. 


The latest Theratron and Eldorado types have sur- 
passed expectations with their outstanding success 
in hospitals and clinics in more than 35 countries. 
Yet, despite this proven performance, AECL continues 
to introduce refinements and modifications which add 
even more to the efficiency and usefulness of these 
units. 


Many radiologists have made either the Eldorado or 
the Theratron their choice in the splendid work they 
are doing throughout the world and among all peoples. 


There are approximately 600 AECL teletherapy units 
of all types already in service in 47 countries. Their 
cumulative use exceeds 2,500 machine years—an 
important consideration in this field where experience 
is of such vital importance. 


AECL has world-wide sales representation. 


Full information and specifications on request. 





Fast-sequence 
scintiphotography 
lets you see what 

happened in an organ. 
As it happened. 





Dynamic cardiac blood-flow study, 10mc 'T'c%™m, exposures 4 sec. serially from time 0 (upper left). 


Only the Pho/Gamma’ 
Scintillation Camera 
gives you true dynamic 
radioisotope images. 


Just one more way Pho/Gamma You’ll receive detailed syoerention 


on Pho/Gamma’s clinical applica- 
al 


is making important contributions tions and on new io aes 
to modern diagnostic procedures. 

Get the full story from your local Q 
Nuclear-Chicago sales engineer. NUCLEAR-CHICAGO 
Or write directly to us. CORPORATION 


307 East Howard Avenue, Des Plaines, Illinois 60018, U.S.A. / Donker Curtiusstraat 7, Amsterdam W, The Netherlands. 
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Going from conventional to new 3% minute processing 
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PART A 
GAF LIQUAMAT' 
OFVELOPE® REPLENISHER 


CAUTION: + 


TAKE ALONG LIQUAMA 


(it goes great at either speed) 


It's no secret that many x-ray depart- 
ments are switching from conventional 
to 3⁄2 minute processing. Inevitably 
questions arise about what chemistry to 
use. And the variety being offered is 
pretty confusing. 

Relax. GAF Liquamat Red and Liquamat 
Clear work just as well at 32 minutes as 
at standard speeds. So conversion is pos- 
sible without losing the hospital-proved 


Liquamat benefits: superb image 
...clean-working characteristics.. 
color-coded containers... long wc 
life... the red color-indicator in Ri 
Liquamat that shows changes in th 
tion... the light, one-gallon bottles 
handle with ease. 

So when you go to 3⁄2 minute p 
ing, take along Liquamat. You'll h 
more going for you. 


enka GENERAL ANILINE & FILM CORPOF 








DO YOU | NEED SPECIALIZED 


SCHICK 


X-RAY |. 


EQUIPMENT, DOCTOR? 
Our business is to provide high 

quality specialized equipment 

—and service to match—in cooperation 
with your local x-ray dealer. 


SCHICK X-RAY CO., INC. 


444 North Lake Shore Drive 


Chicago, LETOS 6066: 1 


Cee Neeson 


among other things... 


the ability to upgrade 





from this 





Only the Picker Magnascanner® is so de- 
signad that its standard three-inch diam- 
eter crystal Ultraprobe can be replaced at 
any time by the five-inch diameter crystal 
Pentaprobe without any modification to 
the scanning mechanism. 


The larger crystal of the Pentaprobe re- 
sults in greater efficiency and/or longer 
focal distance on the collimator. 





agen quanarne z° 


the versatile scanner / the proven scanner 


PICKER NUCLEAR 
DIVISION f PICKER X-RAY CORPORATION 
WHITE PLAINS, NEW YORK 








Standard’s Ultiscope Image Intensifier is very 
impartial. It will give you the image on a TV 
monitor, mirror, cinefilm, or video tape. 


addition to being impartial, the Ultiscope Image In- 
isifier is very adaptable. It can be as basic or as 
phisticated as you require. For example, you can 
gin with basic mirror viewing in either the 6 or the 
nch model. Then, you can add additional com- 
nents such as cinéfilming (16 or 35mm), television 
‘wing, single frame spot film camera (70 or 90 mm), 
video tape any time your needs change. 


Nor is the Ultiscope limited to use with new equip- 
int. It can be adapted readily to fit the spot film de- 
e of most X-ray tables. When you purchase a new 
‘le at a later date, the Ultiscope can be transferred 
it with minimum time and cost. 


3ecause it uses precision optics, the Ultiscope pro- 
les an imaae of unusual sharnness and hrilliance It 


gives you binocular viewing that makes locating and 
following the image a simple task. The mirror is easily 
rotated and adjusted to the most convenient position 
for your individual viewing. 


Most important, the Ultiscope Image Intensifier is 
the result of Standard’s 53-year old tradition of making 
reliable, superior-quality X-ray equipment. It’s built by 
craftsmen who put an extra amount of care and pre- 
cision into every one of the jobs they do. stx-8-2t8 
Dealer has complete de- 
tails on the Ultiscope 

a subsidiary of Cenco Instruments Corp. 


Your Standard X-Ray 
STANDARD 
Image Intensifier. Forhis 





naw eCotalan write is. 





The patient, a 46-year-old male, had persistent low back pain radiating down both 
lower extremities posteriorly, and numbness and pain over both heels. X-ray 
examinations of back and hips, made 18 months before, following an automobile 
accident, were reported as normal. 


Myelographic examination using PantopagueE [lophendylate Injection] showed a 
large defect at the fourth lumbar interspace, which was interpreted to be due to 
discal herniation in a narrow canal. At surgery, a large herniated intervertebral 
disc in a very narrow lumbar vertebral canal was found and removed. 


“PANTOPAQUE” is the registered trademark under which all 
leading x-ray dealers supply the compound ethyl iodophenylundec- 
ylate, which is synthesized in the laboratories of Eastman Kodak 
Company and prepared as the myelographic contrast medium 
lophendylate Injection, U.S.P., by Lafayette Pharmacal Inc. The 
trademark serves to indicate to the radiologist continuity of experi- 
ence in the manufacture of this medium. 


xili 





Accessibility: Nothing is quite as easy to get 
to, get on, get around as an island X-ray table. 


Visibility: All around viewing across the 
board, from either side of the table. 


Freedom from fatigue: Spot film tower and 
tunnel assembly are fully counterbalanced, 


easily swung into play or parked out of the 
way for fatigue-free fluoroscopy. 


pre 
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Summing up: Only island units give you this 
much freedom, this ease of operation, this 
range of functions, this holiday from the 
chores associated with any other type of X-ray 
table. And your only source for true island 
table design is Keleket, for 65 years, the first 


name in medical X-ray. Ask for Windsor is- 
land tables. 


\KALEKET 


A Division of Laboratory For Electronics, Inc. 


WALTHAM, MASSACHUSETTS 02154 
Medical X-ray Equipment e Accessories and Supplies 


Du Pont 
focuses 
Its science 
and energy 


on 
Diagnosti 
Clarity 





We're interested in one thing when our film is 
Snapped on your viewbox: how well you see whati 
you want to see. 


Your ability to read, to interpret, to satisfy 
highly-trained insights; this is the measure we 
go by. 

And so we apply our multi-faceted science to 
that end. 


We developed CRONAR®—a thinner, clearer, 
crisper polyester film base to improve radio- 
graphic quality. It also happened to revolutionize 
automatic processing. 


We built the world’s largest, most modern plant 
devoted exclusively to x-ray film manufacture. It 
was designed to accommodate a breakthrough in 
emulsion technology. It also gave us important 
advances in quality control. 


We matched three new screens to our CRONEX® 
films to provide combinations for your most ad- 
vanced techniques. Not surprisingly, they offer 
the widest choice of contrast and speeds available. 


Not all the improvements in film are coming 
from Du Pont. But most are—and will. 


And you can be certain that each new Du Pont 
advance will continue to focus primarily on Diag- 
nostic Clarity. 


With, quite probably, continued side benefits. 


CRONEX X-ray Products 


Oh wh Pat OF 


Better Things for Better Living 
... through Chemistry 


The E-Z-EM" System is more than 
just Barium and a hag. 


The complete E-Z-Em Barium enema system is guaranteed to help you increase your patient load 
with maximum diagnostic reliability, safety and economy. E-Z-Em has been used in over 


1,500,000 procedures. Your suggestions have guided us to 6 new improved features which 
make E-Z-Em the most practical B. E. system available. 


Standard capacity now | 
3000 cc; 4000 cc optional. 


NO PRICE 


INCREASE 





New pleasant smelling, 
stronger, vinyl 
formulation. 
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Flexi-Tip'M—4 sizes—all with large 
lumen and large side holes for maxi- 
mum flow and unobstructed drainage. 
Smooth, pliable, comfortable, non- 
traumatic. 

Disposable retention tios—inflatable and 
non-inflatable—availcble. Both are 
excellent replacements for Foley 
Catheters. Conventional rigid plastic 
tips are supplied as standard. 





3 
Prepackaged with improved 
fast-mixing Bari-Em™ to 
the exact weight you want. 
Colloidal particle size— 
under one micron—plu 
positive charge on each 
particle keeps Bari-Em'™ 
stable—in the bag and in 
the patient. Any other 
leading formulation 
packaged on request. 
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Remote Flo-Con- 
trol'M—gives com- 
plete control of 
barium flow rate to 
you. As good as an 
extra pair of hands 

or another technician. 
Supplied with either 
foot or hand switch. 


Kink-free tubing with full 546” lumen; 
3h" lumen—37 % more cross-sectional 
area—optional. 


E-Z-Em" is now stocked by most X-Ray dealers. Ask your salesman for a sample and demonstration. 


If he doesn’t have E-Z-Em, ask him to get samples for you, or write direct: 


F-7-EM “THE SYSTEM OF CHOICE” a, wams inv 


Patent No. 3,177,871 516-PO 7-4743 





LI’ I. Meyers, P. H.: J.A.M.A. 173: 1589, August 6, 1960. 2. Nathan, M. H.: Am. J. Roentgenol., 
Bibliography Rad. Ther. and Nuclear Med. 81: 650, 1959. 3. Steinbach, H. L., et al: J.A.M.A. 
174: 1207, Oct. 29, 1960 4. Pochaczevsky, R., et al: Radiology 77: 831, (Nov.) 1961. 


Ask about Sol-O-Pake™, 
the pleasant tasting barium formulation for upper GI's. 





MONITROL/15 


DIAGNOSTIC X-RAY TABLE 


...Invites critical inspection 


Monitrol/15—that’s the new name to remember when your're selecting a 
Neavy-duty diagnostic x-ray table. Designed and built to perform all radio- 
graphic and fluoroscopic functions, this new 90-15” table contains operational 
features never offered before, by anyone. A true, uncluttered island design, 
speeded-up powered motions and true field collimation of the fluoroscopic beam 


are but a few. And General Electric has produced all this at a moderate price. 


The New 90-15° Table Built For Heavy-Duty Use. 





The new Monitrol/15 fills the void between light- 
weight 90-15° tables and heavy-duty 90-90" hos- 
pital tables. It’s built to take around-the-clock use 
and is offered by General Electric at an easy-to- 
take price. 


Every newly-designed feature of the Monitrol/15 
is aimed at easing the task of the radiologist. For 
instance—the fluoroscopic tower is lower and far 
lighter in weight to let you move it with minimum 


effort and park it faster. Result: a less fatigued ee ane 
radiologist at the end of every examination. Glide- spot film devices and the Fluoricon 
back parking of the spot film device is standard Pedestal. New low tower provides 
and allows for easy patient positioning and fast for spot film travel of 11-in. Distance 
table top clearance for radiography. from table top to underside of spot 


film device ranges 7-in. to 18-in. 





The Monitrol/15 accommodates the entire 
Fluoricon line of image intensifiers. The fluoro- 
scopic beam is defined by the G-E True Field 
Collimator for improved quality spot film and 
fluoroscopic image. Collimator is controlled by a 
‘‘servo-drive system” providing an automatic rela- 
tionship between blade and control handle posi- 
tions. Feature for feature, the Monitrol/15 offers 
more in patient comfort and operator convenience 
than any diagnostic table made today. It’s a proud Power Positioning—The moving 
addition to the General Electric line of superior table top with independent 


X-ray equipment. centering switch provides for arz 
a choice of table head-and-foot “ 
travel at installation—choose 


from 30-in. head/30-in. foot, 
Progress /s Our Most Important Product eg ee vl saga 


Controls—Dual control is standard 
on the Monitrol/15. Controls are 
positioned for ease of access on both 
the table-front ledge and on the 

spot film device. The table-mounted 
Switches are barium-proof. 








A NEW VIEWER FOR RADIOLOGISTS 
WHO WOULD RATHER DIAGNOSE 
FILMS THAN HANDLE THEM 


Meet the Fluoroline mobile magazine multi- 
ple film viewer system — a new viewer that 
brightens and lightens film interpretation 
and conserves valuable time for the busy 
radiologist. 

That long name — mobile magazine 
multiple film viewer system — really ex- 
plains the full benefit of this new viewer. 
Each removable magazine of 10 display 
panels holds up to 80-14’x17” radiographs 
(280-8”x10” or 440-5”x7” films) for rapid 
reference on the eight bank (4 over 4) crystal 
clear, uniformly bright illuminator. Techni- 
clans simply load a series of radiographs into 
the magazine and roll it to the viewer. Once 


locked into place, film interpretation pro- 
ceeds smoothly without the need of the 
radiologist ever touching a film. 

Those valuable radiographs are protected 
by the smoothly. operating Fluoroline viewer. 
The lightweight panels are counterbalanced 
for easy positioning and the motor-driven 
illuminator banks contain automatic safety 
stops to prevent panel or film damage. 

There’s much more to know about the 
functional free-standing or wall-installed 
Fluoroline viewers. For complete details 
call your G-E x-ray representative or write 
X-Ray Department, General Electric Co , Mil- 
waukee, Wisconsin 53201. Room A-121. 





Progress /s Our Most /mportant Product 


GENERAL Q ELECTRIC 


SLUOROLINE 


MOBILE MAGAZINE FILM VIEWER 
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The: ` =idy 
generators were 





designed tor 


radiologists. 


(And patients. And technicians. 
And purchasing agents. And service personnel. 


The trick in designing x-ray generators is to re- 
member that it's much more than just an exercise in 
meeting engineering spec fications and then hous- 
ing the final result in handsome cabinetry. X-ray 
generators come in contact with a lot of people 
whose needs—as people — deserve consideration. 
“User orientation" this is now being called. And 
we practiced it befcre anyone had a name for it. 

In practical specific terms, what can be said 
about the new Galaxy generators that will make 
this claim believable? Take compensation for line 
voltage variations. With these Galaxy generators 
you literally can not omit this act because compen- 
sation for line voltage variations occurs automati- 
cally when you select the kilovoltage you'll use. 
You don't have to make a separate line voltage 
adjustment. You can't forget it. You can't bypass it. 
(Incidentally, stabilization during exposure is ac- 
complished by a "millistabi- 
lizer" which automatically ad- 
justs for things like temperature 
variations, space charge or 
filament evaporation in the 
x-ray tube.) 

The implications of all this: 
operation is easy, results con- 
sistent. 

Other examples: We have 
always paid particular atten- 
tion to the positioning of the 
controls and meters that the 
operator must use and read— 
as technicians will tell you. 


They'll be happy with the judi- 


cious use of push buttons to shor-en setup time and 
reduce mistakes. 

Service People (and, hence, users) will like these 
generators because: this is an exceptionally reli- 
able design which minimizes service in the first 
place; we make our own components whenever 
what the market offers is not exactly what we 
need, When service is needed, front access to cir- 
cuitry eliminates pulling the equioment away from 
the wal! and into the work areas. And, finally, the 
fact that we have factory-trained servicemen al- 
most everywhere doesn't hurt a bit in helping to 
minimize human frustrations. 

For additional information about Galaxy gen- 
srators write for literature. 


Picker X-Ray Corporation, Df. 
White Plains, New York x ker 





ODERNIZE your X-ray equipment 


with 
these 
NEW 





Maximum Peak Inverse Ratings 


SDV-100 100 KvP 
SDV-125 129 KvP 
SDV-150 150 KvP 





Maximum Average Load Current 


| 
l 
l 
| 
l 
1/10 sec. 1000 Ma i 
2 sec. 600 Ma | 
| 
l 
| 
| 
| 
| 
l 


Continuous 100 Ma 





Consult your x-ray 
Dealer or write 





s, 


These Dunlee SDV rectifiers are hermetically seaied high 
voltage silicon unizs designed for use in your present 

x-ray generators. They can be used as direct replacements of the 
hot cathode vacuum rectifiers . .. they provide longer 

life, in most cases as long as the original x-ray equipment 
lasts . . . they operate with greater efficiency and low forward 
drop ... and they are higher in mechanical strength. 

Simple and safer to operate, these silicon rectifier cartridges 
are available in new units from the manufacturer of your 
equipment . . . just ask for them when you buy your next 
x-ray unit. Use as replacement for your present 


valve tubes as well. 
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the hand of the technologist , 
to the eye of the doctor.. 
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„an important link 


A nunber of problems increasingly en- 
coun-ered in hospitals and clinics can be 
solved with the NEW NORELCO PRO- 
GRAMMED RADIOGRAPHIC SYSTEM. 
Programmed by your technologists, this 
‘“autamated’”’ system ultimately frees the 
techrologist from repetitious equipment 
adjustments to concentrate on precise 
patient positioning and better patient 
care. 


Once you set the program — tube, focus, 
auxiliary device,,correct kV and corre- 
sponding optimum tube current, 
photatimer sensitivity and aperture are 
selected quickly and automatically — at 
the touch of a single control. “Routine,” 
repea_ed examinations can be completed 
with astonishing speed and accuracy, 
duplicating best radiographic results 
every time. 


a A FEW MORE “AUTOMATED” FEATURES: 


e System X-ray control is a small selector 
box. That’s all. 


e System radiographic stands do away 
with tube and film centering and FFD 
adjustment. 


e Coll mator adjusts automatically to 
film sie. 


e Norelco phototiming devices and 
unique ‘‘falling tube load” system per- 
mit proper radiographic density in the 
shortest possible exposure times. 


P.S. THE RESULTS SPEAK FOR THEMSELVES. 


MEDICAL 


EQUIPMENT 





NORTH AMERICAN PHILIPS COMPANY, INC. 
Professional Products Division,100 East 42nd St., New York, N.Y. 10017 
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of the hace CEOS Injector System 
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in angiography the sure way to deliver the 
required concentration of radiopaque at the 
time and place you want it is to apply con- 
trol backward, so to speak. Only by sensing 
what’s going on at the advancing front can 
you take corrective measures at the rear. 


That's exactly what the Heilman-Wholey 
injector system does. 


A monitor circuit stands steady guard 
during the injection, continuously feeding 
back flowrate information to the syringe. 
Should flow slacken or speed up, it instantly 
signals pressure increase or decrease to 
maintain the flowrate selected (which can 
be anything from O to 40 cc per second). 
You set that rate on a single control dial. 
No calculations, no “resistance factors” to 
take into account, no hedging. The rate you 
set is the rate you get. 


Now what about safety? Governing the 
flowrate is, of course, inherently safer than 
relying on injection pressure because it is 
more accurate: when resistance values must 
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The Heilman-Wholey control unit measures only 
19” W x 11” 
space, it 


$ 





be assumed, errors may occur. In the un- 
likely event of a rate failure, with conse- 
quent rapid rise of flowrate above the preset 
value, a safety circuit automatically stops 
the injection. More, the syringe employed is 
made of translucent polypropylene and al- 
ways in full view, so you can promptly spot 
and deal with air bubbles, if any. And it’s 
disposable to boot, thus precluding cross- 
infection risk, 


many other virtues There’s much more to 
say about the Heilman-Wholey injector. Like 
its ability to continuously control injection 
time duration from 0 to 6 seconds. Like the 
continuously variable up-to-two second x-ray 
trigger delay. Like the freedom to choose 
either a compact hand-held power injector 
for selective work, or an all-purpose larger 
one (both timed). 


But that’s the kind of detail more properly 
left to your Picker representative to tell you 
about. You owe it to yourself to lend him ear. 


Or write Picker X-Ray Corporation, White 
Plains, New York. 


uniquely compact 


D x 5” H. Occupying so small a 


"fits in’’ wherever convenient, 





LIEBEL-FLARSHEIM 


TILEX’ 






| The new moderately-priced 
a : | Utilex Urological Table is de- 
: signed to bring new conven- 
ience, flexibility and utility to 
the procedures of urological 
radiography, cystoscopy and 
transurethral surgery. 


a Available in 
gray-white or 
jade green finish — 

‘Trademark of Liebel-Flarsheim Company 


1967 SHOWINGS—Nationa!l and Sectional Urological Conventions and Radio- 
logical and Roentgen Ray Conventions. 


For descriptive brochure and further information, contact your x-ray equip- 
ment supplier or write to— 


[S LIEBEL-FLARSHEIM COMPANY 
CINCINNATI, OHIO 45215 
A DIVISION OF RITTER PFAUDLER CORPORATION 





SQUIBB NOTES ON THERAPY Be 


“... [pulmonary embolism] may exist in a grave form 
for a considerable time without objective signs 
being present on physical examination 
or routine chest films.” 


ipa embolism is a mimic. Because its symptoms re- 
semble those of other cardiorespiratory diseases — particu- 
arly myocardial infarction™? and pneumonia *— investigators 
lave long sought simple and certain methods of diagnosing it. 
Many diagnostic clues—but often no clinical picture 

intil a few years ago diagnosis depended primarily on the clini- 
‘al history, physical findings, chest films. electrocardiograms, 
ingiography, and pulmonary function studies. Each of these 
vas helpful. Sometimes not even all of them were conclusive. 


surgery, prolonged immobilization, metastatic carcinoma and 
rauma often precede pulmonary embolism — but are not neces- 
arily followed by it. Pain, dyspnea, hemoptysis may signal pul- 
nonary embolism—but they aren’t necessarily peculiar to it. 
Che electrocardiogram may be normal in spite of it.” And there 
s no pathognomonic radiographic picture of pulmonary 
mbolism.°® 


o be clinically valuable, however, a new diagnostic test should 
neet two criteria: 
. it should be correlated with known pathology: i.e., it should 
e carefully compared with other diagnostic procedures: 
. it should offer information not attainable as easily or as safely 
iy accepted tests.’ 


-ulmonary arteriography meets the first criterion and is a most 
eliable diagnostic tool. It is, however, a time-consuming pro- 
edure and one that requires experienced personnel.” 


... lung scintiscanning can detect an obstruction of the pul- 
nonary circulation as soon as it is established.?7 

fot only is the diagnostic procedure of lung scanning both safe 
nd easy,” but there is information that is not attainable on 
hest films. “...it appears that the lung scan can point to the 
ite of the embolic lesions before signs of lung infarction are 
ecognizable on plain chest films.” ! 


‘he scan and the x-ray shown confirm this statement.* The 
hotoscan of this female patient, aged 58, was taken August 13, 
965 with Albumotope-LS (Squibb Aggregated Radio-iodinated 
[1'1] Albumin [Human]). Pulmonary emboli are clearly evi- 
ent. The x-ray, taken the same day, shows no radiographic 
vidence of pulmonary emboli. 


ung scanning meets both criteria for a clinically valuable diag- 
ostic test. Findings are correlated with pulmonary function 
tudies, angiography, pathology and the clinical state of the 
atient. And, scanning with Albumotope-LS has been proven 
» be “simple, rapid, and safe in the diagnosis, localization and 


Illustrations furnished through the courtesy of George V. Taplin, M.D., Harbor 
seneral Hospital, Torrance, California. 





ultimate fate of pulmonary emboli.” But the lung scan should 


not be relied upon as the only diagnostic procedure in the 
diagnosis of pulmonary embolism.! 


Dosage and Scanning Procedures: Recommended scan doses of 150 
to 300 micrecuries of Albumotope-LS (Squibb Aggregated Radio- 
iodinated [I'8!] Albumin [Human]) depending on the instrumenta- 
tion available and the technics employed. Scanning can immediately 
follow administration of slow intravenous injection or be delayed up 
to 1 to 142 hours depending on preferred technic. 
Side Effects and Precautions: Extensive clinical use of Albumotope- 
LS has not borne out the hypothetical possibility that particles of large 
size might induce deleterious cardiovascular or cerebrovascular effects. 
No antigenic properties have been specifically related to this product: 
one patient with a known history of angioneurotic edema, who had 
been given Lugol’s solution in conjunction with aggregated radio. 
albumin similar to Albumotope-LS, developed urticaria. 
Radioisotopes should not be used in pregnant women, nursing 
mothers, or in patients under 18 years of age unless indications are 
very exceptional. 
Available: As a sterile, non-pyrogenic, aqueous suspension. Each ce. 
contains approximately 1 mg. aggregated human serum albumin la- 
beled with 800-1500 microcuries of iodine-131 at time of manufacture. 
Also contains 0.9% benzyl alcohol as a preservative. 
References: 1. Haynie, T. P, et al.: J. Nucl. Med. 6:613, 1965. 2. Sa- 
biston, D.C., Jr., and Wagner, H.N.: Ann. Surg. 160:575, 1964. 3. 
Cooley, R.N., and*Donner, M.W.: Am. J. M. Se. 247:601, 1964. 4. 
Wagner, H.N., et al.: New England J. Med. 271 :377. 1964. 5. Hinshaw. 
H.C., and Garland, L.H.: Diseases of the Chest, ed. 2, Philadelphia, 
W. B. Saunders Co.. 1963. pp. 38-9, 6. Dworkin. H.J., et al.: Michi 
gan Med. 64:829, 1965. 7. Quinn, J.L., et al.: Radiology 82:315, 1964. 


8. Taplin, G.V., et al.: Health Physics 10:1219, 1964. 


ALBUMOTOPE-LS 


SQUIBB AGGREGATED 
RADIO-IODINATED (I™) ALBUMIN (HUMAN) 


to see evidence of pulmonary embolism 
before it appears on chest films 





is the honor and integrity of its maker 


SQuiss 


‘The Priceless Ingredient’ of every product 
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A new capability... 
Round/Rectangular Collimation 


with the Machlett-Videx Collimaster 


to achieve a greater reduction of off-focus 


combined with unusual flexibility 


I : f ae 


radiation 
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ound /Rectangular Collimation: 
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Il bladder) (sinus & mastoids) (abdomen) 

slective Special 
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ophagus) (femoral arteriogram—14”x 36” at 64”) 





ecial banm shapes This is the collimator: 
ammography) m à 
Machlett-Videx Collimaster ” 


For descriptive brochure on the 
Machlett-Videx Collimaster write to 

The Machlett Laboratories, Inc., Springdale, 
Connecticut 06879. 


THE MACHLETT LABORATORIES, INC. 


OOO 


_ See ournew 
Galaxy tables 









the finest Picker 


, has ever built s 


Designed for the perfectionist who insists on results that are 
outstanding — not just acceptable. 


Engineered to improve image quality on cine or conventional! x-ray film; 
on the fluoroscopic screen; or the TV monitor; or in the mirror-optic system. 


Sturdy enough to keep the vibration of superspeed Bucky diaphragms 
or fast-acting spotfilmers from destroying detail sharpness. 


Available in a wide variety of configurations to meet the dictates of 


individual requirement. 


Your local Picker representative will be glad to detail the story. 
Or write Picker X-Ray Corporation, White Plains, New York. 





Picker X-Ray Corporation 
White Plains, New York 








Excretory urogram with Hypaque 50 per cent 
130 cc.) Hydronephrosis, right, secondary 

to cancer of the bladder, blocking the 

orifice of the right ureter; 25 minute film. 


when instrumentation is undesirable precise excretory urography 


There are many patients where cystoscopy or catheterization is either undesirable or 
impossible in determining urinary tract pathology. This may be due to mechanical 
difficulties (e.g., deformity, anomaly, etc.), debilitated states, infancy, advanced age, 
infection, pregnancy or after extensive pelvic operations. 


In such cases, Hypaque Sodium 50% often provides precisely defined urograms of the 
kidneys, ureters and bladder, with valuable information about their functional activities, 
undisturbed by instrumentation. Further advantages are: (1) no age limit to the 
procedure, and (2) no need to administer an anesthetic. 


Contraindications: Advanced renal destruction associated with severe uremia, 
and multiple myeloma. 


Precautions: Caution is advised in patients with hyperthyroidism, hypertension, severe 
cardiovascular disease, active tuberculosis, and a history of asthma or other allergy, 
especially to iodine. Because of the possibility of temporary suppression of urine, itis 
wise to allow an interval of at least 48 hours before repeating retrograde or excretory 
urography in patients with unilateral or bilateral reduction of normal renal function. 


Side effects: Excretory urographic agents may produce symptoms of an anaphylactic* 
nature in sensitive persons. Patients should be watched carefully during injection as 
serious reactions, including fatalities, have occurred with all commonly used mediums. 
Minor reactions, such as nausea, vomiting, excessive salivation, flushing, dizziness, 
urticaria, and muscular twitching may occur. Infrequently “iodism” (salivary gland 
swelling) appears two days after exposure and subsides by the sixth day. In euthyroid 
patients following excretory urography with Hypaaue, protein-bound iodine is elevated 
and the thyroid I'*' uptake is lowered, returning to normal after the 3rd and 4th 

days respectively. 


Supplied; In sterile aqueous solution, Ampuls of 3C cc. (with 1 cc. test ampuls), boxes of 
1, 10 and 25. Also, rubber stoppered vials of 20 cc. and 30 cc., boxes of 1, 10 and 25. 


*Physicians should study the package Insert for information on preventive measures and management of 
untoward reactions before administering Hypaque (diatrizoate sodium). 


Urograms with excellent anatomical detail 


® © an illustrated booklet 
yp a Uj u e 5 0 7 with complete information 
O is available by writing to 
sodium 


Winthrop Laboratories 









brand of SOdium diatrizoate 
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Scanning with Tce" — 


Less hazard to the patient doesn’t necessarily 
mean more work in the laboratory 
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Physicians who use isotopic scanning pro- 
cedures look for the most reliable and infor- 
mative diagnostic pietures with the least 
radiation danger to the patient and to them- 
selves, Accordingly, ultrahigh energy and 
long-lived isotopes have tended to be re- 
placed by lower energy and shorter-lived 
sources.! 


The development of isotopes with 
shorter, but more useful, lives 


Among the isotopes of moderate energy 
that have acquired increased use is Tech- 
netium-99m. Having a half-life of only 6 
hours, this relatively new scanning agent is 
obtained as the pertechnetate ion (TcO,”) 
from Molybdenum-99, which in turn has a 
half-life of 67 hours. 

In the two years since Harper and co- 
workers at Argonne Cancer Research Hos- 
pital stated that “with a clean 140-kev 
gamma, 6-hr. Te» offers overwhelming 
physical advantages in scanning...”,2 many 
isotope clinicians have explored its uses in 
discovering and localizing tumors and other 
abnormalities in the brain. 

Te permits rapid brain scanning and 
provides an image with a desirable degree 
of delineation. The half-life of Te? is suffi- 
ciently short to permit intravenous doses of 
up to 10 millicuries without subjecting the 
patient to excessive radiation. It enters the 
blood, spreads quickly to the extracellular 
space, and localizes in the organ to be vis- 
ualized. Selective localization of the per- 
technetate ion oceurs in the abnormal brain 
tissue sufficiently for scanning purposes. 


The problems involved in preparing 
Te” for use 


While the basic principle of cbtaining Te! 
(elution from Mo") is extremely simple, 
the detailed steps in assuring its sterility 
and freedom from pyrogens are laborious 
and time-consuming. 

The eluent can be contaminated in a 
number of ways. Pyrogens may be present 
in the materials used in assembling a gen- 
erator, in chemical reagents, in water, and 
other sources. They may even pass through 
a millipore filtration system. Nondisposable 
svringes may introduce contamination. 
Maintaining asepsis in open generator sys- 
tems during elution and colection is diffi- 
cult. 

Even the commercial units available to 
laboratories have been unsatisfactory be- 
cause material to be used intravenously had 
to be sterilized by autoclaving or filtration 
before injection. Pyrogens still represented 
an unsolved problem, since sterilization by 
filtration is no assurance of freedom from 
pyrogens. 

All of these problems have made Te?™ 
inconvenient and time-consuming to use. 


Technetope Sterile Generator— 
instant sterile technetium?™ 
for intravenous use 
Technetope (Squibb Technetium-99m) 
Sterile Generator is the first completely 
self-contaired system for producing sterile, 
nonpyrogenie Te for clinical use. 

All components and all accessories are 
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made of sterile, 
pvrogen-free mate- 
rials. The genera- 
tor column is auto- 
eclaved prior to 
shipment to assure 
sterility. 

The column need 
never be removed 
from the lead ship- 
ping shield. Even 
the lead sleeve in 
which the genera- 
closures! tor is shipped be- 
comes a functional 
part of the system 
MILKING | when used as addi- 
tional shielding 
during elution. 

The new gener- 
ator consists of an 
sito | Alumina-packed 
glass column inside 
COLLECTING] & lead shield. Sealed 
STERLE | at top and bottom 
with rubber clo- 
sures that permit 
aseptic elution and 
storage, the column 
contains Mo” (half-life 67 hours). 

To fll the average laboratory's require- 
ments for one week, each generator is 
shipped with: 

e 5 bottles of sterile, non-pyrogenic eluent 
e 5 sets of sterile disposable syringes and 
needles for injecting the eluent 

è 6 sterile milking tubes with a needle at 
each end 

e 6 sterile breather needles 

@ 6 empty sterile vials with an accompany- 
ing lead shield for collecting the eluted Te??™ 
è A bottle of Cobalt-57 Standard (Cobalt- 
ous Chloride Co 57) 


STERILE 
DISPOSABLE 
SYRINGE 


BREATHER 

. NEEDLE WITH 
COTTON PLUG 
(STERILE) 


Ordy standard aseptic technique such as a 
physician routinely uses in removing medi- 
cation from sterile sealed containers is re- 
quired in the use of Technetope. 


Simplicity for the technician 


Thea milking procedure is simple. A breather 
needle and one end of the double-needle 
mi. king tube are inserted into the top of the 
shielded collecting vial. The needle at the 
other end of the milking tube is inserted 
aseptically into the rubber closure at the 
bottom of the generator column. The eluent 


Activity 


is Injected aseptically through the rubber 
closure at the top of the generator column. 
Eluted sterile TC? will flow rapidly into 
the collecting vial. 

<he radioactivity of the Mo” in the gen- 
erator decays with a half-life of 67 hours. 
Hence the amount of Te” in the eluate will 
depend upon the time interval between elu- 
tions. For optimal amounts of Te the 
generator should be eluted every 24 hours. 
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To facilitate the assay of the eluate, a bottle 
of Squibb Cobalt-57 Standard (Cobaltous 
Chloride Co 57) is provided with the gen- 
erator. Detailed instructions are supplied 
for calculating Te" activity from the net 
counts per minute observed in a well-type 
scintillation counter. 

Physicians and institutions with AEC li- 
censes can obtain sterile pvrogen-free Te" 
by ordering Technetope Sterile Generator, 
list number 08871. Write for more details 
to: Professional Service Department, E. R. 
squibb & Sons, Inc., 745 Fifth Avenue, New 
York, N.Y. 10022. 


Contraindications: Radiopharmaceuticals should 
not be administered to pregnant women or patients 
under the age of 18 unless the indications are very 
exceptional, 

Warning: Maintain proper radiation safety pre- 
cautions at all times. 

References: 1. Loken, M. K., et al.: Minnesota Med. 
49:237, 1966. 2. Harper, P. V., et al.: Nucleonies 
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i 
IDAY, the specialty of Radiology is 


faved with numerous serious problems, 
seme of which threaten its very existence. 
Tomorrow, Radiology could be fragmented, 
disbarsed to the winds and lose its identity. 
We as Radiologists know that this would 
be most undesirable for optimum health 
care of our people and it is now necessary 
chat we take stock, analyze our strengths 
and weaknesses and prepare for the future. 
The severe difficulties associated with 
federal Medicare and federal-state-Medic- 
aid, ‘ear of government antitrust suits and 
probiems with physician-hospital working 
arrangements can, and most likely will, 
alter the course of Radiology. The future is 
most difficult to predict but we can be sure 
of change. Rapidly expanding scientific 
knowledge and wanted or unwanted added 
respcnsibilities present a host of problems 
which we cannot ignore if Radiology ts to 
SUTVPVe. : 
Our strengths are few and our ce 
nesses many. Our strength is due mainly to 
che fact that there has been a consistent 
increase in demand for services, so that 
now over one-half of the people of our 
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country requires the medical diagnostic or 
treatment skills of Radiologists. Our 
strength is further indicated by the full 
support of the American Medical Associa- 
tion and many specialty organizations, 
other than our own, in attempting to 
preserve our status as physicians practic- 
ing medicine | in the specialty of Radiology. 

A prime weakness, as amply demon- 
strated m today’s A market- 
place, is ‘the present shortage of Radiolo- 
gists. Supply and demand studies projected 
ro years into the future indicate a progres- 
sive and: severe deficiency in supply with a 
consistent increase in demand. 

Todzy, in addition to increased demand 
for our services, our growing knowledge of 
special diagnostic procedures requires that 
we devote a relatively large amount of 
time to a small percent of our patients. The 
more common use of cobalt and high vol- 

tage roentgen therapy equipment requires 
that more time be spent in this aspect of 

k. While these are major factors in 
g our present shortage, the future 
is clouded by the fact that, percentage- 
WISE, fewer physicians are now choosing 
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Radiology as a career. In April, 1966 the 
National Advisory Committee on Radia- 
tion! submitted a report to the Surgeon- 
General of the US Public Health Service 
stressing the fact that these present and 
future deficiencies were a serious threat to 
the health care of all of our people. They 
recommended that the Public Health 
Service develop and assist in several pro- 
grams designed to increase the number of 
academic and practicing Radiologists in 
the United States, the number of tech- 
nologists and the number of non-medical 
scientists associated with Radiologists in 
the practice of Radiology. The Committee 
recognized the fact that many medical 
school Radiology departments are under- 
staffed and so occupied giving patient ser- 
vice that they have little, if any, time for 
research or teaching. If adequate staffing 
can be obtained, the Committee hopes that 
radiological teaching throughout the med- 
ical school years and internship would help 
attract more students into the specialty. 
It is obvious that medical school deans and 
faculty committees concerned with the 
medical curriculum must be aware of these 
serious present and future shortages and 
cooperate with their professors of Radiology 
in seeking solutions. I feel that, given 
faculty support, sufficient staff and ade- 
quate funds, either private or federal, these 
Radiologists are well able to develop teach- 
ing and research programs which could 
eventually lead to more Radiologists. 
The Committee’s studies showed that 
only about one-fourth of those selecting 
Radiology as a career did so before their 
internship. The other three-fourths were 
equally divided into those who selected 
Radiology during their internship and 
those who did so at a later time. Since 
many internships and slightly less than 
one-half of all positions approved for 
radiologic training are in hospitals not 
affliated with medical schools, it is clear 
that non-academic Radiologists must bear 


! National Advisory Committee on Radiation; Report to the 
Surgeon General, April, 1966. U. S. Government Printing Office, 
1966-0 218-937. 
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a good share of the burden of attempting to 
increase the number of Radiologists. Rec- 
ognizing such a dual responsibility, it is 
incumbent on all Radiologists and their 
organizations to join in a cooperative effort 
recognizing the opportunities and needs of 
both the academic and non-academic 
divisions of our specialty. If any near- 
future improvement in supply can be ob- 
tained, present differences in philosophy 
of postgraduate training must be resolved, 
at least temporarily, by the Johnsonian, 
“Come, let us reason together.” 

At the present time we are blaming our 
failure to attract more into Radiology be- 
cause we don’t have time to instruct stu- 
dents, teach interns or maintain contact 
with practicing physicians, but, to po- 
tential Radiologists, the full airing of our 
economic and medical status problems by 
public news media can do little to promote 
interest in Joining our ranks. I don’t be- 
lieve that these stated reasons give the en- 
tire answer but before elucidating further 
it is important that we recognize lack of 
universal agreement as to the degree of 
predicted shortage. Most à propos is a 
recent editorial, ““The Per-Complex in 
Medicine,’ which questions the advisabil- 
ity of using averages of the past to project 
future needs for more physicians. Are the 
needs real, do they allow for change, and 
do they allow for better utilization of 
present personnel, space, equipment and 
methods? 

In spite of our best efforts to attract 
more physicians into Radiology, analytic 
studies of the problem readily show that the 
present and estimated future needs cannot 
be met, and that other ways must be found 
for proportionately fewer Radiologists to 
carry the load. 

What are the needs in Radiology today? 
No matter how many physicians we have, 
the increase in demand for radiological 
services calls for more and better tech- 
nicians. We must accept most of the blame 
for the present very real shortage. We 


2? Editorial, The Per-Complex in Medicine, Pharos of Alpha 
Omega Alpha, April, 1966, 29, 55. 
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don t want our technicians to be thought- 
less “button pushers,” we expect them to 
think as we do but we have not mace their 
profession attractive enough to fill our 
needs. This problem is now well recogn ized 
and is being studied on a national basis 
but progress must begin at home and each 
employer, be he radiologist, clinic or hos- 
pital, must take the necessary steps to 
sake x-ray technology a desirable and re- 

warding profession. Certainly Radiologists 
and patients would benefit if we follow the 
lead of Pathologists and establish schools 
leading to a bachelors degree in Racio ogic 
Tecinology. It is possible that more im- 
meciate benefit would accrue from a prop- 

rly financed crash program taking se- 
lected established technicians for traming 
as cuef or supervisory technicians. 

A critical observer looking at the fwrest 
rather than the trees may readily see that 
a major need of all Radiology departments 
is fer some major breakthrough, whereby 
we could consistently record roentgen 
images of good crisp detail without evi- 





dence of motion. Patient delay, increased 
cost and erroneous interpretation are 


commonly associated with roentgenograms 
showing evidence of motion. Higher kilo- 
voltage and some overall improvemert in 
roentgenographic equipment with improve- 
ment in films and intensifying screens 
represent modest progress but are far snort 
of our ideal goal. Apparently the kilovol- 
tage race 1s over in therapy equipment and 
special procedure hardware is becoming 
quite sophisticated, but for the ultimate 
benefit of our people we should give al en- 
couragement and support for a major re- 
search program hopefully leading to rcent- 
gen images recorded over a period of 

t,1coth of a second or less in all patients. 
We must not be complacent about our best 
eq juypment requiring a multi-second expo- 
surein a heavy patient. 

A major adv vance, potentially available 
te us right now, depends on the acceptance 
by all physicians of the principle that all 
previous roentgenograms related to the 
current examination be on hand anc re- 
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viewed before proceeding. We are quite 
proud of publishing a few cases of dis- 
ease “A” in which an astute roentgen 
diagnosis led to cure of the patient, but 
all of us could flood the literature with in- 
stances in which lack of previous roent- 
genograms for review and comparison led 
to delay, increased cost, erroneous diag- 
nosis, harm and even death of the patient. 
An intense educational program is far 
overdue. 

Closely related to the problem of ob- 
taining previous roentgenograms is the 
very common lack of clinical information 
giving a reason for the proposed examina- 
tion. This subject has been ‘‘harped”’ on for 
many years with most Radiologists stress- 
ing its importance but a few have belittled 
this need. Theoretical fears that clinical 
information will prejudice the radiological 
diagnosis are greatly overshadowed by 
benefits which can come to the patient if 
the physician-radiologist knows why he is 
going to examine the patient and what he 
is looking for. Certainly the radiologist has 
special knowledge enabling him to deter- 
mine whether or not the requested exam- 
ination is the best one or if it should be 
modified, whether it is contraindicated or 
whether some other examination should 
precede or replace it. This knowledge is 
only of value if clinical information is sup- 
plied or can be obtained. 

Today we still find that many Radiol- 
ogists have dithculty in obtaining appro- 
priate clinical information. Most efforts 
to remedy this situation have been on an 
individual basis and it may be that group 
effort on a local, state or national level 
would be more effective. Since the benefits 
to the patient and physician are so ob- 
vious and numerous, a successful program 
would overshadow most any of the other 
proposals designed to improve the radio- 
logical health care of the public. What we 
have fai ‘led to do over the past 50 years the 
federal government has done in just a few 
months. In the spring of this year the 
Federal Register elaborated on the Medi- 
care law and stated that, in participating 
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hospitals, all requests for x-ray examina- 
tions of Medicare patients must contain a 
concise statement of reason for the exam- 
ination. I hope that we don’t have to wait 
for a national data retrieving system, 
closed circuit television or further federal 
legislation before we can get good clinical 
correlation and cooperation. 

In spite of increase in isolation in his 
department, today’s Radiologist working 
in group practice or in a closed staff hos- 
pital is usually able to maintain good com- 
munication with his relatively small num- 
ber of referring physicians. They appre- 
ciate the need for various departmental 
routines, priorities, methods and schedul- 
ing, while in return the Radiologist com- 
municates his findings by means of reports 
which usually are short, concise and to the 
point. However, a large per cent of our 
people obtain their radiological services in 
private offices and hospitals, where the 
Radiologist reports to a relatively large 
and heterogeneous group of doctors. Many 
accept roentgenological reports at their 
face value and place unwarranted con- 
fidence in the negative or positive aspects. 
In these circumstances the Radiologist 
needs clinical indications in order to as- 
sure maximum benefit to the patient and 
especially must be careful that the full 
significance of his report is understood by 
the referring physician. Today there is real 
need for improvement in this form of com- 
munication. It is often our only contact 
with practicing physicians and our image 
can rise or fall when the report is compared 
to those made by endoscopists, patholo- 
gists and others. For the past 5 years I 
have done a random study of typical re- 
ports from several types of radiological 
practices. Poor sentence construction, lack 
of clarity, excessive description and failure 
to draw conclusions were quite common. 
None made use of a routine overall or 
specific accuracy form. I feel certain that 
the full meaning of any report would be 
better understood if 3 letters and 1 numeral 
were placed at the conclusion. These letters 
are EOA for Estimated Overall Accuracy 
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and the numeral (1~10) to indicate the ce- 
gree; #.e., EOA-7 would indicate that there 
was a 70 per cent chance of the report be- 
ing accurate. The implications and rami- 
fications are many but this simple addition 
to every report could only be of benefit to all 
concerned and we don’t have to wait for 
computers to do this for us. “The Roent- 
genologic Report” would be a good title 
for our scientific programs and refresher 
courses. 

Today we are worried about our status 
as practicing physicians and concerned 
about our image but as we retreat into a 
maze of complicated electronic equipment 
we add an aura of mysticism by predicting 
the presence of disease if we see certain 
animal, vegetable or mineral “signs” on a 
roentgenogram. In spite of our best efforts, 
we continue to find “ground glass”? in 
several parts of the body. The mystery of 
the roentgenogram is further heightened 
by our approval (or lack of objection) of 
poor quality, inappropriate or badly re- 
produced roentgenograms in the medical 
literature. We can be proud of the roent- 
genologic illustrations in our two leading 
journals and in a few books but our pro- 
fessional image suffers if occult powers seem 
necessary to learn anything from most of 
the reproductions. Some medical publica- 
tions have sections devoted to a roent- 
genologic quiz and I am embarrassed to 
find that I flunk more often than pass. The 
quality of the reproductions is usually so 
poor that simple amateurish line drawings 
would be much better. As a specialty, we 
should have more than average knowledge 
of photography and our image is rot 
brightened by so many ill-chosen and badly 
reproduced roentgenograms. Irregardless of 
the origin of the literature, it is imperative 
that we offer our services to editors and 
publishers to review roentgenographic il- 
lustrations before publication. 

The knowledge explosion in Radiology, 
while highly beneficial in the health care 
of the public, has resulted in increased 
subspecialty activity with more Radiol- 
ogists limiting their work to a relatively 
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small segment of Radiology. Today, the 
general Radiologist is faced with the almost 
impossible task of being current in his 
knowledge and practice. A good share of 
the public is served by solo or small group 
Kactologists who find it impossible to be 
expert in all branches. In view of the dim 
outlook for any marked increase in radio- 
logical manpower I can see no easy solu- 
tron or corrective action. In discussing the 
future of Radiology, Millis? has said that in 
order to be a competent “generalist” one 
probably has to be brighter, better edu- 
cated, more energetic and more experienced 
tham the specialist. In order to meet the 
needs of the public, we must continue to 
train radiological generalists and perhaps 
Program Directors can be guided by Dr. 
Millis’ suggestions, although a solution or 
even a compromise is not evident, for we 
aiso want our best residents to be the 
teachers of the future. 

In conclusion, it is easy to note that | 
have presented very little new. The need 
for more technicians and better equipment 


“Minis, J. 5. The Future of Radiology. Proc. din, Coti. Radiol, 
Feb. t 1960, 
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is Gbvious. No physician likes to do a 
phvsical examination without knowing the 
patient’s history and I beleve that we 
have abrogated some of our physician 
prerogatives by not insisting on our special 
type of history; namely, previous roent- 
genograms for study and adequate clinical 
information. We also don’t act like phys- 
icians if we use bizarre and exotic terminol- 
ogy to report our findings and our reports 
don't always say just what we mean. Some 
of these deficiencies are bound to alter our 
image of being practicing physicians and 
thus make a career in Radiology less attrac- 
tive to students, interns, and others. Any 
person reading the medical literature must 
be confused by most of the roentgeno- 
graphic illustrations for he cannot see what 
he apparently is supposed to see. Can we 
blame him if he gets a somewhat distorted 
image of Radiology? 

I have touched on only a few of the 
problems we are faced with today; the 
challenges of the future will be difficult to 
meet. 

Department of Radiology 
Sacred Heart Hospital 
Spokane, Washington 99204 
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SUPRAVALVAR AORTIC STENOSIS* 
ROENTGEN ANALYSIS OF TWENTY-SEVEN CASES 


By GERALD J. KURLANDER, M.D., EUGENE L. PETRY, M.D., HOOSHANG TAYBI, M.D.,t 
PAUL R. LURIE, M.D., and JOHN A. CAMPBELL, M.D. 


INDIANAPOLIS, INDIANA 


TENOSIS of the lumen of the ascending 

aorta distal to the origin of the coronary 
arteries has been recognized with increas- 
ing frequency in recent years. Although 
Chevers’ was aware of the condition in 
the earliest known angiographic 
diagnosis was made in 1953 by Campbell 
and Lurie (Fig. 1). 

Thirty-eight cases of congenital supra- 
valvar aortic stenosis (SVAS) have been 
studied at the Indiana University Medical 
Center since 1960.* The purpose of the 
authors is to describe the roentgen experi- 
ence with 27 patients who had both cardiac 
catheterization and cinecardioangiography. 
Clinical, hemodynamic, and genealogic fea- 
tures of the larger group will be presented 
in greater detail elsewhere. As a background 
for this presentation, a review is made of 
the pathology and the conditions associ- 
ated with stenosis of the ascending aorta. 


1342, 


PATHOLOGY 


Several cases of nonobstructing bands or 
cords located at the level of insertion of the 
aortic valve cusps have been reported.?:?* 
Most of these bands traverse the aortic 
lumen between the commissure of the left 
and noncoronary cusps, and that of the 
right and left cusps. There is no known ex- 
ample of significant aortic obstruction from 
such a band. 

Thin supravalvar membranes or fibrous 
diaphragms located at the upper margins 
of the sinuses of Valsalva are rare causes of 
obstruction.®:!°'* The openings m these 

* This study does not include isolated stenosis of the aortic 


lumen distal to the ascending aorta or uniform narrowing or 
hypoplasia of the entire aorta.! 








FIG. I. 
Intravenous angiocardiogram in the left anteroir 
oblique position demonstrating severe supravalvar 
aortic stenosis (arrow). September 21, 1953. 


M.L. J.11-2. Five year old retarded male. 


membranes or diaphragms are said to be 
central or eccentric. Distal to the level of 
obstruction, the aorta may be of normal 
caliber or may be dilated. The membranous 
or diaphragmatic type of obstruction of the 
ascending aorta has not been encountered 
at this institution. 

Almost all cases of SVAS have had 
greater or lesser degrees of thickening of the 
plica at the upper margins of the sinuses of 
Valsalva. The thickened plica protrudes 
into the lumen to effect narrowing. Few 
histologic studies of the aortae in cases of 
SVAS have been reportec. The aorta at the 
level of maximal narrowing reveals both 
fibrous intimal proliferation and medial 
hypertrophy. The ascending aorta, when 


* From the Departments of Radiology and Pediatrics, Indiana University Medical Center, Indianapolis, Indiana. 
This investigation was supported by grants from the James Whitcomb Riley Memorial Association, the Marion County Heart Asso- 
ciation of the Indiana Heart Association, and the National] Heart Institute, National Institutes of Health, United States Public Health 


Service through Research grants A 6155, HE-06308-05. 


t Present address: Children’s Hospital, San Francisco, California. 
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mvolved distal to this area, shows. pre- 
dominantly medial hypertrophy. The thick 


media has an abnormal arrangement of 


übers in a mosaic pattern.” 
In a recent review of the literature, 


Pezerson ef al”? found that of 43 cases of 


SVAS, in which the aortic valve was de- 
scribed anatomically, 30 had normal aortic 
valves. Of the remaining 13 cases, 8 p wed 
evidence of adhesion of part or all of the 
free edge of one or more cusps to foe 5 supra- 
walvar ridge. Of 51 cases in which the con- 
diton of the aortic arch was mentioned, 8 
had stenosis of a brachiocephalic trunk. 

Since the coronary arteries are proximal 
to the obstruction in SVAS, they are in a 
high pressure zone. During systole the 
coronary arteries are subjected to high 
mtcaluminal pressure but flow is impeded 
by the contraction of hypertrophied myo- 
cardium. This combination of forces pro- 
duces distention of coronary arteries which 
may result in anatomic changes. Of 33 cases 
reviewed by Peterson eż a/. in which the 
anatomic condition of the coronary arteries 
was mentioned, 20 had abnormaaties. 
These abnormalities included: (1) narrow- 
ing at or just distal to the coronary ostium, 
(2) increased external diameter and tor- 
tucsity associated with medial thickening, 
fibrous intimal thickening and sometimes 
atherosclerotic intimal changes, anc (3) 
thin walled, histologically normal, corcnary 
arteries when protected from high intra- 
luminal pressure by the adherence of the 
free edge of the associated aortic cusp to 
the site of SVAS. 

In the group of 68 cases of SVA® re- 
viewed by Peterson ef al, there were 13 
instances of postvalvar pulmonary artery 
stenosis, among the Ig in which the status 
of the pulmonary arteries was mentioned. 

Gross anatomic observations were made 
by one of us (E.L.P.) at the operating table 
in the 11 surgically treated cases from our 
group of 27 cases of SVAS. In 8, the wall of 
the ascending aorta distal to the upper 
margins of the sinuses of Valsalva was 
thickened. Seven of the 8 had a thick cir- 
cumferential ridge producing localized nar- 





Supravalvar Aortic Stenosis 
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rowing at the upper margins of the sinuses. 
Distal to this level, the aortic lumen in- 
creased (an by decrease in wall 
thickness), reaching normal or near normal 
size proximal to the innominate artery In 4 
cases. In the other 4 cases, however, the 
thick wall and associated narrowing ex- 
tended into the arch and was associated 
with narrowing of one or more brachio- 
cephale trunks. The thick aortic wall and 
marked narrowing of the lumen distal to 
the swpravalvar ridge contributed to the 
over-all obstruction to ejection from the 
left ventricle. In 1 of the 8 cases, there was 
no discrete supravalvar ridge but rather 
nearly uniform narrowing of the entire 
ascending aorta associated with thickening 
of the aortic wall. The aortic valve in each 
of these 8 cases was normal. 

Three of the 11 surgically treated cases 
differed in several ways from the 8 referred 
to above, Fach had a mild to moderate cir- 
cumferential constriction just above the 
upper margins of shallow sinuses of Val- 
salva. The intima at the level of constriction 
was slightly thickened but distal to this 
level the aortic wall was of normal thick- 
ness. The aortic valves in these 3 cases, in 
contrast to those described above, were 
thick and markedly limited in mobility but, 
most significantly, the commissures were 
not fused. Angiographically, there were 
certain differences between one of these 
cases and the other two which will be re- 
ferred to later. 


ANGIOGRAPHIC CLASSIFICATION OF 
SUPRAVALVAR AORTIC STE- 
nosis (Fig. 2) 

Type ia. Short ascending aorta with 
narrowing of the entire ascending aorta 
maximal at the upper margins of dilated 
sinuses of Valsalva 

Type tb. Ascending aorta of normal 
length with narrowing of the proximal one- 
third maximal at the upper margins of 
dilated sinuses of Valsalva. Normal or di- 
lated aorta above the narrowed area. 

Type u. Mild to moderate localized nar- 
rowing just above shallow sinuses of Val- 


oe 








lic. 2. Diagrammatic representation of the 3 
types of supravalvar aortic stenosis. 


salva. Aortic dilatation distal to narrowing. 
Thick, semirigid, unfused aortic valve 
cusps with small annulus. 

Type ut. Thin membranous or fibrous 
diaphragm located at the upper margins of 
the sinuses of Valsalva. Normal or dilated 
ascending aorta. 

CLASSIFICATION OF POSTVALVAR PUL- 
MONARY ARTERY STENOSIS (PPAS) 

Type 1. Stenosis involving the main 
pulmonary trunk, bifurcation, right or left 
main pulmonary artery. 

a. Single localized stenosis. 
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b. Multiple localized stenoses or diffuse 
stenosis. 
Type 11. Stenosis peripheral to right or 
left main pulmonary artery. 
a. Single peripheral stenosis. 
b. Multiple localized stenoses or diffuse 
stenosis. 
Type m. Any combination of Type 1 
and I. 


ROENTGEN FINDINGS 
PLAIN ROENTGENOGRAMS 


Of 24 cases of Type 1 SVAS, 18 had nor- 
mal heart size and 6 had slight to moderate 
cardiac enlargement. Of the latter 6, the 
frontal configuration of the heart sug- 
gested left ventricular enlargement in 4, 
right ventricular enlargement in 1, and left 
ventricular and biatrial enlargement in 1 
(Fig. 3, A and B). Of 3 patients with left 
atrial enlargement, all had large left ven- 
tricles and resting left ventricular-aortic 
systolic pressure gradients of more than 
150 mm. Hg. Right ventricular enlarge- 
ment occurred in an individual with mild 





Fic. 3. R.S. M.11-2. Eleven year old retarded male with Type 1a SVAS. (4) Frontal chest roentgenogram 
with barium in the esophagus. Dense right paratracheal lymph node calcification 1s seen. The superomedial 
margin of the right atrium (arrow) is unusually well visualized as a result of the small medially placed 
ascending aorta. The aortic impression on the esophagus is slight. (B) Left anterior oblique chest roent- 
genogram with barium in the esophagus. Note the prominent right atrial margin (arrows). 
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SVAS but with severe postvalvar pul- 
monary artery stenosis. 

The best clues to the 
Type 1 SVAS are reduction im the 
usual density noted superior to the right 
atrium and just to the right of the midline 
on the frontal chest roentgenogram with 
fluoroscopic evidence of diminished aortic 
pulsation (Fig. 44). These findings corre- 
late well with a small, rather medially 
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Fic. 4. (4) M.L. I.11-2. Eighteen year old 
retarded male with Type 1a SVAS. Frontal 
chest roentgenogram demonstrates left 
ventricular enlargement. Note absence of 
the usual density at the cardiac base just to 
the right of the midline. (B) R.A. H.iv-2. 
Nine year old retarded male with Type 1a 
SVAS. Frontal chest roentgenogram demon- 
strates slight cardiac enlargement with left 
ventricular enlargement. The usual density 
at the cardiac base to the right of the mid- 
line is deficient as a result of the small 
medially placed ascending aorta. The round 
perihilar densities (arrows) suggesting pul- 
monary arterial hypervascularity result from 
dilated pulmonary arteries distal to areas of 
stenosis. (C) K.N. T.11-4. Thirteen year 
old male with normal intellect and Type 1 
SVAS. Frontal chest roentgenogram dem- 
onstrates cardiac enlargement with en- 
largement of the left ventricle and ascend- 
ing aorta. This appearance is indistinguish- 
able from aortic valve stenosis. 


placed ascending aorta and were present in 
38 per cent (9 of 24) of cases of Type 1 
SVAS. The aortic impression on the esopha- 
gus was small or absent in each of these g 
cases. Eight of the g had resting left ven- 
tricular-aortic svstolic pressure gradients of 
more than 65 mm. Hg, indicating severe 
SVAS. 

In 3 cases, plain roentgenograms of the 
chest suggested enlargement of the right 
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atrium but only 1 of these was associated 
with cardiac enlargement. There are several 
possible explanations for this finding. When 
the ascending aorta is small, more of the 
superior margin of the right atrium is seen, 
giving the false impression of right atrial 
enlargement. Elevated right ventricular 
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pressure from postvalvar pulmonary artery 
stenosis could also explain right atrial en- 
largement in some instances. Since the 
aortic obstruction is above the coronary 
arteries, they are subjected to a high perfu- 
sion pressure and tend to become dilated. 
We have observed dilated coronary sinuses 





Fic. 5. L.B. F. 111-2. Fourteen year old male with normal intellect and Type 1a SVAS. Cineroentgenographic 
study. (4) Left ventriculogram in the left anterior oblique position and aortograms in the (B) left and 
(C) right anterior oblique positions demonstrate a short ascending aorta with marked narrowing maximal] 
at the upper margins of dilated sinuses of Valsalva. (D) Aortogram in the left anterior oblique position 
shows dilated coronary arteries (A), narrowing of the origin of the left common carotid artery (B) and 


a ductus diverticulum (C). 


y 
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on cinecardioangiograms in several cases of 
SVAS where the coronary arteries were 
large. Perhaps truly large right atria may, 
m some instances, result from the develop- 
ment of coronary arteriovenous fistulae 
after years of high perfusion pressure. This 
has not been observed in any of our cases, 
however. 

Frontal chest roentgenograms of 3 cases 
suggested increased arterial vasculature in 
the lungs. One occurred in a case proven to 
have an interatrial septal defect. The promi- 
nent pulmonary arteries in the other 2 cases 
were shown to be dilated arteries beyond 
multiple areas of narrowing (Fig. 4B). In 
one instance, postvalvar pulmonary artery 
stenosis was suspected because of lecalized 
cilatation of several peripheral pulmonary 
arteries. The main pulmonary artery was 
not enlarged in this case but acceatuated 
pulsation was noted fluoroscopically at the 
time of cardiac catheterization. 

Two of the 3 cases with Type 1 SVAS 
had cardiac enlargement but all 3 had 
rounded plunging cardiac apices, mdicat- 
ing left ventricular enlargement ‘Fig. 4C). 
These 3 cases differed from those with Type 
1 SVAS in that they had moderate to 
marked dilatation and accentuated pulsa- 
tion of the ascending aorta. 


CARDIOANGIOGRAPHIC FINDINGS 


Cardiac catheterization and 15 mm. 
cinecardioangiographic studies were per- 
formed in each of the 27 cases. Left ven- 
triculography was performed in each of the 
27, thoracic aortography in both the left 
anterior and right anterior oblique posi- 
tions in 26 and pulmonary arteriography in 
24. In addition, many had pulmonary 
arteriograms in both the posteroanterior 
and oblique positions and thoracic aorto- 
grams in the posteroanterior position. The 
number of contrast injection film secuences 
per patient varied from 3 to 7 (average <). 

As indicated earlier, no case of a mem- 
branous or fibrous diaphragmatic type of 
obstruction of the supravalvar segment of 
the aorta was encountered. 

Ten cases of Type 1a SVAS were studied. 
This group is characterized angiographi- 
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cally by a short ascending aorta as judged 
by the distance between the aortic valve 
and the origin of the innominate artery 
(Fig. 5, A-D). Narrowing is most severe at 
the upper margins of the sinuses of Val- 
salva, but the entire ascending aorta is re- 
cuced in caliber. No case of generalized 
narrowing of the entire aorta was encoun- 
tered. The area of maximal narrowing in 
the ascending aorta was produced by a 
ridge detected at the time of surgery in 7 
of the 9 operated on cases of Type 1a. One 
case without a supravalvar ridge had 
nearly uniform narrowing of the entire 
ascending aorta to the level of the innomi- 
nate artery (Fig. 6, £ and B). 

Pulsations of the ascending aorta were 
diminished or absent in cases of Type ta 
SVAS, a finding which correlates with the 
marked thickening of the ascending aortic 
wall noted at the time of surgery in the g 
operated on cases. 

The angiographic appearance of the 
aortic valve was normal in g of the fo cases 
of Type ta SVAS. The aortic sinuses and 
both of the coronary arteries were dilated 
in all 10 cases. With one exception, Type ta 
SVAS had the largest coronary arteries and 
the greatest dilatation of the sinuses of 
Valsalva. Five of the to cases of Type ta had 
stenosis of a brachiocephalic trunk and 3 
had dilatation of the innominate artery. 
Ductus diverticula reported in several in- 
stances of SVAS*" were seen in 3 cases 
with Type ta. Two cases had aortic coarcta- 
tion just distal to the left subclavian artery 
and 1 other had absence of the left renal 
artery and left kidney. Postvalvar pul- 
monary artery stenosis was demonstrated 
in § of the 10 cases. 

In 1 case, aortograms demonstrated a 
short ascending aorta, narrowing at the 
upper margins of the sinuses of Valsalva, 
systole doming of the aortic valve and 
moderate dilatation of the sinuses. Surgical 
inspection showed thick, semirigid aortic 
cusps which had no fusion of their com- 
missures. In our series, the only instance of 
ventricular septal defect occurring with 
SVAS was in this one patient with atypical 
Type ia stenosis. 
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Fic. 6. D.McC. A.i11-14. Eleven year old female with normal intellect and Type 1a SVAS. Cineroentgeno- 
graphic study. Aortograms in the (4) mild left anterior obligue and (B) right anterior oblique positions 
demonstrate nearly uniform narrowing of the ascending aorta. The coronary arteries and sinuses of 
Valsalva are dilated. 


All 10 cases had loud, systolic ejection 
murmurs and thrills, maximal in the supra- 
sternal notch or in the neck. The resting 
left ventricular-aortic systolic 
gradient exceeded 60 mm. Hg in every in- 
stance and in 5 of the 10 was more than 
roo mm. Hg (Table 1). 

Type 1b SVAS is, in our experience, a 
milder form of aortic narrowing. The as- 
cending aorta is of normal length. The area 
of narrowing at the upper margins of the 
sinuses of Valsalva is milder than in Type 
1a and the vessel widens to a normal or 
slightly increased caliber at the level of the 
mid ascending aorta (Fig. 7, 4, B and C; 
and 8, 4 and B). Systolic expansion is ab- 
sent or minimal in the proximal ascending 
aorta but 10 of the 14 cases of Type 1b had 
increased pulsation in the mid and distal 
ascending aorta. 

Of 14 cases with Type 1b SVAS, 11 had 
dilatation of the sinuses of Valsalva and 12 
had enlargement of both coronary arteries. 
In general, sinus dilatation and coronary 
artery enlargement were less marked than 
in Type fa. 


pressure 


Two cases with Type 1b had stenosis of a 
brachiocephalic trunk and a third had bi- 
lateral renal artery stenosis detected by 
abdominal cineaortography (Fig. 9, 4—F’). 
In 2 other instances, the right aortic cusp 
was considered abnormal because of restric- 
tion of movement. One of these 2 cases had 
moderate aortic insufficiency. Mild coarcta- 
tion of the aorta distal to the left subclavian 
artery was discovered in 2 cases and 1 other 
case had a ductus diverticulum. The only 
intracardiac anomaly found in this group 
was I case with an interatrial septal defect. 
Thirteen of the 14 cases of Type 1b SVAS 
had postvalvar pulmonary artery stenosis. 

In every case with Type 1b SVAS, the 
resting left ventricular-aortic systolic pres- 
sure gradient was less than 70 mm. Hg. This 
gradient increased to more than 60 mm. 
Hg in 5 of 8 cases during infusion of iso- 
proterenol.* Systolic ejection murmurs 
were less intense and thrills less common 
than in Type 1a (Table 1). 

Three examples of the lesion which we 


* An agent which increases cardiac output by decreasing pe- 
ripheral resistance and increasing cardiac rate and contractility. 
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lave chosen to call Type n SVAS hare been 
encountered. Mild to moderate narrowing 
cz the aorta just above shallow sinuses of 
Valsalva was observed in each instance 
(41g. 10, ¢-D). Distal to the area of supra- 
valvar narrowing, the ascending aorta was 
calated and pulsated excessively. The aortic 
valve cusps were thick and restrieted in 
raobility but without fusion of commis- 
sures. No case in this group was associated 
w vith postvalvar pulmonary artery stenosis 

r brachiocephalic trunk abnormakty. In 
a of the 3 cases, the aortic valve annulus 
appeared smaller than normal. One ef the 3 
had severe localized aortic coarctation just 
cistal to the left subclavian artery. 


CONDITIONS ASSOCIATED WITH SYAS 


SVAS, mental retardation, and peculiar 
facies. This syndrome has been recegnized 
with increasing frequency since its eriginal 
description in 1961.” The characteristic 
facial features are: depressed nasal bridge, 
wide set eyes, wide nasal philtrum, thick 
pouting upper lip, pointed chin, and small 
mandible (Fig. A and B). Beuren ez 
cl” recognized specific dental malforma- 
tons in their ro cases with abnormal facies. 
Typical examples of the abnormal denti- 
ton include hypoplastic crowns anc short, 
tun roots. The broad upper oral arch over- 
laps the small mandible with resulting 
cysgnathism. Low birth weight, strabismus, 
and inguinal hernias are also frequently 
noted. 

The behavior of these children is friendly 
although they are moderately to severely 
retarded. Eight of our g cases with this 
syndrome had mild microcephaly. Chromo- 
some studies were normal in all ¢ of the 
cases in which the examination was per- 
formed. 

Of the 9 cases with this syndrome, 4 had 
Type 1a SVAS and § had Type tb. Seven of 
tre 9 had postvalvar pulmonary artery 
stenosis. 

Supravalvar aortic stenosis and tdw pathic 
rifantile hypercalcemia. In 1952, Fanconi 
e al." described 2 children with an unusual 
syndrome of dwarfism, mental retardation, 


strabismus, osteosclerosis, hy percalcemia, 
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and abnormal renal function. Subsequently, 
other cases of idiopathic infantile hyper- 
calcemia have been reported. Many of 
these patients had cardiac murmurs, but in 
a review of $3 published cases Rashkind el 
at’ found none with supravalvar aortic 
stenosis. 

Black and Bonham Carter! in 1963 sug- 
gested that the facies of cases with idio- 
pathic infantile hypercalcemia were strik- 
inghy similar to those of patients with the 
syndrome of SVAS, mental retardation and 
abnormal facies. Since 1963, there have 
been well documented case reports of idio- 
pathic infantile hypercalcemia with SVAS,! 
with SVAS and PPAS, and with PPAS.“ 
Whether most or all cases with SVAS 
and/or PPAS, mental retardation, and 
peculiar facies represent individuals who 
have or at one time had idiopathic infantile 
hypercalcemia 1s unknown at this time. 

Our cases did not have blood calcium 
studies in infancy, but no examples of 
osteosclerosis were encountered. Our series, 
however, includes only 2 individuals who 
were 3 years of age or under when cardiac 

catheterization and cinecardioangiog! ‘aphy 
were performed. Chest roentgenograms in 2 

other cases when less than 1 vear of age did 
not show osteosclerosis. It is of interest that 
neither the dental anomalies seen in the re- 
tarded patients with peculiar facies and 
SVAS nor the familial occurrence seen in 
those with SVAS and normal intellect or 
mental retardation have been associated 
with idiopathic infantile hypercalcemia. 

Familial SVAS with normal intellect. 
With a few notable exceptions (R.A— 
H.iv-2 and C.A.--H.1v-3, in our series and 
Vogel and Blount’s®), well documented 
familial SVAS occurs with normal facies 
and, apparently, normal intellect. In at 
least 4 previous reports, !?65 including 
that of Logan describing 6 cases in 3 gen- 
erations of the same family, examples of 
familial SVAS have been presented. 

Thirteen of our cases occurred in 6 un- 
related family groups. In 4 of the families, 
the occurrence of more than 1 individual 
with SVAS was documented by cardiac 
catheterization and cinecardioangiography. 
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TABULAR SUMMARY OF PLAIN FILM, CLINICAL, CARDIOANGIOGRAPHIC, AND CARDIAC 
CATHETERIZATION DATA OF 27 CASES OF SUPRAVALVAR AORTIC STENOSIS 
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* Initial chromesome study indicated 46/47 mosaic with an extra chromasome resembling the rq-20 group, Subsequent study disclosed normal number with apparently 
normal karyotype : 
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N sporrmal LV =left ventricle innom. =iinominate M.P.A.=main pulmonary artery 
f above normal LA=left atrium LCC. = heft common carotid OVAS =supravalvar aortic stenosis 
q below normal RV =right ventricle R.C.C, =right common carotid PPAS =postvalvar pulmonary artery stenosis 
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Five of the 13 cases had Type 1a SVAS and 
8 had Type 1b. Ten of the 13 had postvalvar 
pulmonary artery stenosis. 

Genetic studies suggest that Type 1 


SVAS is transmitted as an autosomal 
dominant with variable penetrance.’ * 
Sporadic SVAS with normal intellect. 
This group includes cases without familial 
evidence of SVAS, facial peculiarities, or 
mental retardation. Two cases of this de- 
scription were encountered in our series 
(exclusive of Type 11 SVAS which will be 
discussed more fully later). One with Type 
1a SVAS had a ventricular septal detect and 
the other with Type 1b had an atrial septal 
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Fic. 7. R.W. K.11-1. Six year old retarded 
male with Type 1b SVAS. Cineroentgeno- 
graphic study. Aortograms in the (4) 
posteroanterior and (B) left anterior oblique 
positions demonstrate mild narrowing at the 
upper margins of the sinuses of Valsalva 
with gradual widening of the proximal one- 
third of the ascending aorta. (C) Pulmonary 
arteriogram in the posteroanterior position 
discloses narrowing of the right pulmonary 
artery (arrow) and multiple areas of narrow- 
ing bilaterally in the branch pulmonary 
arteries (Type m1). 


detect. The former also had postvalvar pu.- 
monary artery stenosis. 

SVAS and Marfan’s syndrome. This as- 
sociation has been reported in at least 3 
patients, one a 12 year old child. We 
did not encounter a case with Marfan’s 
syndrome. 


DISCUSSION 


The angiographic diagnosis of mid 
SVAS with Type ıb may be extreme y 
difficult. Only when one realizes that su- 
ravalvar narrowing occurs in a spectrum 
from minimal to very severe can one expect 
to recognize the milder cases. In 9 of -4 
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lie. 8. J.W. G.r1-5. Five year old male with normal intellect and Type 1b SVAS. Cineroentgenographic 
study. Aortograms in the (4) left anterior and (B) right anterior oblique positions demonstrate maximal 
harrowing at the upper margins of the sinuses of Valsalva with gradual widening of the proximal one- 
third of the ascending aorta. The narrowing is more marked in the right anterior oblique position, a fre- 


cuent finding. 


cases with Type 1b SVAS, the resting left 
ventricular-aortic systolic pressure gradient 
was 25 mm. Hg or less. Isoproterenol was 
used in several of these milder cases to 1n- 
crease the gradient and permit localization 
of the site of stenosis by withdrawal of an 
end-hole catheter from the left ventricle to 
the aortic arch. Peculiar facies, mental re- 
tardation, dental anomalies, and postval- 
var pulmonary artery stenosis occurred as 
eften with mild SVAS as with severe. 

Type 1 SVAS, as defined in this discus- 
cussion, is different in many ways from the 
other forms of supravalvar narrowing. In 
contrast to Type 1, the sinuses of Valsalva 
are shallow and not dilated. During systole, 
the thick aortic valve has the appearance 
of a dome. The mid and distal ascending 
aorta is moderately to markedly dilated. 
Both of these features are seen in aortic 
valve stenosis. The supravalvar narrowing, 
however, is more marked than that noted 
in any of 40 cinecardioangiograms reviewed 
of patients with typical aortic valve 


stenosis. Although it is possible that the 
aortic valve cusps undergo thickening as a 
result of the trauma of repeated opening 
against the supravalvar narrowing, It seems 
more likely that the abnormal valve cusps, 
small annulus, and narrow supravalvar 
aortic segment are part of the same 
anomaly. No patient with Type 11 SVAS 
had evidence of postvalvar pulmonary 
artery mental retardation, or 
familial evidence of congenital heart dis- 


stenosis, 


ease. 

Two cases with Type 1 SVAS were found 
to have thick semirigid valves without 
commissural fusion at the time of surgical 
exploration. This precluded aortic valve 
commissurotomy. It is obvious from post- 
operative cardiac catheterization of these 
cases that relief of the supravalvar ob- 
struction alone will not adequately resolve 
the obstruction. Replacement of the aortic 
valve may also be necessary. None of our 
patients with Type 1b SVAS has required 
surgical treatment. The extreme length of 
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ic. 9. T.P. N.11-2. Two and one-half year old retarded female with Type 1b SVAS. Cineroentgenograpt ic 
study. Aortograms in the (4) posteroanterior, (B) left anterior oblique and (C) r ght anterior oblique 
positions show mild narrowing of the proximal one-third of the ascending aorta bezinning at the upper 
margins of dilated sinuses of Valsalva. (D) Aortogram in the left anterior oblique position demonstra-es 
the unopacified jet of left ventricular blood entering the aorta. Note the dilated innominate artery below 
and above an area of narrowing (arrow). 
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ic. g. (E) Abdominal aortogram shows bilateral renal artery narrowing (arrows). (F) Pulmonary arterio- 
gram in the posteroanterior position demonstrates diffuse narrowing of the right and left pulmonary ar- 
teries as well as multiple areas of narrowing bilaterally in the branch pulmonary arteries (Type 11). 


Type ta SVAS requires aortotomy amd in- 
sertion of a gusset if obstruction is to be 
effectively relieved. 

Unless pulmonary arteriograms are made 
in frontal and oblique projections, the 
diagnosis of localized pulmonary artery 
stenosis ın some cases may be overlooked. 
This is so because the bifurcation of the 
main pulmonary artery 1s partly obscured 
by the main pulmonary artery itself in the 
frontal projection and, in addition, pe- 
ripheral pulmonary arteries oriented in a 
sagittal plane cannot be seen clearly if 
only a frontal plane angiogram is obtained. 
Pulmonary cinearteriograms of good qual- 
ity permit detection of mild degrees of nar- 
rowing by appreciation of diminished 
systolic expansion. It should be noted 
that a pulmonary artery of normal internal 
diameter does not necessarily have a wall of 
normal thickness. Case D.E.—L.11-3 
(Table 1) had a normal pulmonary arterio- 
gram but was found at the time of surgery 
by palpation to have marked thickening of 
the wall of the main pulmonary trunk and 


of the proximal one-third of the left pul- 
monary artery. 

Nearly halt of the cases of Type 1 SVAS 
had palpable asymmetry of the brachial 
pulses with about one-third manifesting 
asymmetry of the carotid pulses. Upper ex- 
tremity blood pressure differences exceed- 
ing 12 mm. Hg were noted frequently. In 
some instances, these findings were corre- 
lated with narrowing of a brachiocephalic 
trunk as determined by aortography. In 
others, this correlation was absent. It is 
speculated that blood ejected from the left 
ventricle is directed in a jet by the su- 
pravalvar aortic stenosis into a brachioce- 
phalie trunk, most often the innominate, 
with resultant asymmetry of brachial and 
carotid pulses.'®"* Substantial dilatation of 
the innominate artery in 2 of our cases 
lends support to this theory. 

Systolic ejection murmurs were heard in 
every case of SVAS included in this report. 


The intensity of these murmurs varied from 


Grade 11 to Grade vi. They were heard best 
in the suprasternal notch in contrast to the 
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lig. 10. K.N. T.11-4. Thirteen year old male, Type 1 SVAS. Cineroentgenographic study. Aortograms tn 
the left anterior oblique position in (4) diastole and (B) systole show moderate narrowing (arrows) above 
shallow sinuses of Valsalva. Distal to this area the aorta is dilated. Aortograms in the right anterior 
oblique position in (C) diastole and (D) systole show moderate supravalvar narrowing. The aortic valve 


annulus is small and the commissures are unfused (surgical confirmation). Dome and jet (arrows) form a- 
tion are shown in D. 
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Fe. 11. (4) R.W. K.11-1. Six year old male. {B) D.E. L.1 1-3. Sixteen year old male. Both have the syndrome 
of SVAS, mental retardation, and peculiar facies. Note thick pouting upper lips, wide nasal philtrums, 
depressed nasal bridges and small mandibles. Macrocornea, a feature of idiopathic infantile h ypercalcemia, 


was not present in these patients. 


findings in aortic valve stenosis where they 
ane usually loudest at the cardiac base. The 
systolic ejection click characteristic of 
aertic valve stenosis was absent in all pa- 
tients with Type 1 SVAS. 

No case in this series developed conges- 
tive heart failure from aortic obstruction 
but 2 had bacterial endarteritis. 


SUMMARY 


The roentgen experience with 27 patients 
wth supravalvar aortic stenosis (SVAS) 
wao had both cardiac catheterization and 
claecardioangiography is presented. 

Gross and microscopic pathologic fea- 
tures of SVAS in previously reported cases 
are reviewed. Observations at the time of 
surgery in II cases of this series are de- 
tailed. 

A classification of SVAS and postvalvar 
pulmonary artery stenosis (PPAS) 5 sug- 


gested based on the cardioangiographic 
findings in these 27 cases. One form of 
SVAS (Type 11), heretofore not emphasized, 
is a complex anomaly with mild to moder- 
ate supravalvar narrowing Just above shal- 
low sinuses of Valsalva, small aortic valve 
annulus, and thick semirigid valve cusps 
with unfused commissures. 

Conditions with which SVAS is associ- 
ated are briefly discussed. These conditions 
include: the svndrome of SVAS, mental re- 
tardation and peculiar facies, idiopathic in- 
fantile hypercalcemia, familial SVAS with 
normal intellect, sporadic SVAS with nor- 
mal intellect, and Martan’s syndrome. 

The basic clinical and hemodynamic 
characteristics of SVAS are described and a 
table is presented summarizing plain film, 
clinical, cardioangiographic and cardiac 
catheterization data in every case in this 
series. 
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ADDENDUM 


Since the completion of this manuscript, 
a few cases of familial idiopathic hypercal- 
cemia have come to our attention. Fraser 
et al. (Fraser, D., Kipp, B.S.L., Koon, 
S. W., and Paunter, L, A new look at in- 
fantile hypercalcemia. Pediat. Clin. N. 
America, 1966, 73, 503-525) have recently 
reviewed the subject of idiopathic hyper- 
calcemia and present evidence favoring the 
fact that SVAS, mental retardation and 
peculiar facies is the late normocalcemic 
stage of severe infantile hypercalcemia. 
Further evidence will be necessary to con- 
clusively prove this association. 

Twelve of thirteen cases which formed 
the basis for an Exhibit on Supravalvar 
Aortic Stenosis at the 1963 meeting of the 
American Roentgen Rav Society are in- 
cluded in this paper. The thirteenth case, 
not included here, was trom the University 
of Oklahoma School of Medicine. 
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CONGENITAL AORTIC STENOSIS* 


By SHOICHI D. TAKEKAWA, M.D., OWINGS W. KINCAID, M.D., 
JACK L. TITUS, M.D., and JAMES W. DuSHANE, M.D. 


ROCHESTER, MINNESOTA 


S ACAL treatment of all types of con- 

genital aortic stenosis is now possible, 
and such treatment is indicated for the 
majority of patients having this condition 
who have significant obstruction to left- 
ventricular outflow. Although cardiac 
catheterization data provide vital informa- 
tion in the study of patients with congenital 
aortic stenosis, angiocardiography is of 
great value in determining the exact loca- 
tion and nature of the obstructive process 
as well as in detecting the presence and 
pathologic anatomy of associated anomalies 
of the heart and great vessels. 

The purpose of this study was to evalu- 
ate the roentgenologic findings in a series of 
cases of congenital aortic stenosis, valvular, 
supravalvular, and subvalvular. Particu- 
larly, we wanted to evaluate and stress the 
importance of angiocardiography in this 
group of conditions. 


MATERIAL AND METHODS 


From the files of Cardiovascular Radiol- 
ogy of the Mayo Clinic, all records were re- 
viewed of cases from the 4 years from April 
1, 1960, through April 1, 1964, in which the 
angiocardiographic diagnosis of aortic ste- 
nosis had been made. In an effort to include 
only cases of congenital aortic stenosis, all 
cases in which acquired valvular stenosis 
was thought to be present at operation or 
autopsy and all cases of valvular stenosis 
in which a history of rheumatic heart dis- 
ease or bacterial endocarditis was elicited 
were excluded. 

Of the 40 cases selected for study, 23 had 
isolated valvular aortic stenosis, 7 had 
isolated supravalvular aortic stenosis, and 
7 had isolated subvalvular aortic stenosis. 
One patient had combined valvular and 


supravalvular aortic stenosis, and 2 had 
combined valvular and subvalvular steno- 
sis (Table 1). 

Roentgenograms of the chest and angio- 
cardiograms were available for review in 
each casé, and in all instances measure- 
ments of the pressure gradient across the 
outflow region of the left ventricle had 
been obtained. Surgical treatment had been 
carried out in 6 of the 23 cases of isolated 
valvular stenosis, in 4 of the 7 cases of iso- 
lated supravalvular stenosis, and in 5 of the 
7 cases of isolated subvalvular stenosis. 
Operation had also been performed in the 2 
cases of combined valvular and subvalvular 
aortic stenosis. The surgical records on all 
operated patients were reviewed and the 
findings at operation were compared with 
the angiocardiographic findings. 

The angiocardiograms in all instances 
consisted of large-film biplane examina- 
tions, carried out with injection of contrast 
medium into the left ventricle, aortic root, 
or pulmonary artery and filming at the rate 
of 6 to 12 films/sec. during the phase of left 
heart opacification. 


VALVULAR AORTIC STENOSIS 


Morphclogic Features. Two varieties of 
congenital valvular aortic stenosis are 
generally recognized.” The most common 
type is simple dome-shaped stenosis, in 
which the aortic valve is a fibrotically 
thickened structure in the shape of a dome, 
the apex of which is directed toward the dis- 
tal aortic lumen. The size of the opening at 
the apex of the dome is variable. Usually, 
three raphes, which appear to represent 
abortive commissures, may be identified at 
the inferior portion (base) of the dome-like 
valve (Fig. 1). Occasionally, only two such 


* Mayo Clinic and Mayo Foundation: Section of Roentgenology (Dr. Kincaid), of Experimental and Anatomic Pathology (Dr. 


Titus), and of Pediatrics (Dr. DaShane). 


Mayo Graduate School of Medicine (University of Minnesota), Rochester: Resident in Radiology (Dr. Takekawa). 
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Patients 
Type of Aortic Stenosis ie 
| No. (Per Centr 





Iselated valvular 


Ske 
Iselated supravalvular 7 ETS 
Isdated subvalvular | 4 La. s 
Combined supravalvular and valvular 1 ae 
Combined valvular and subvalvular 2 g 
Total 30 | wo | 


ra thes exist, in which case the valve may be 
viewed as the equivalent of a bicuspid 
valve. 

[he second type is a unicommissural, 
dome stenosis, which is less common. The 
aortic valve is represented by a single flap 
of fibrotically thickened valvular tissue 
which extends around the aortic wall, 
beginning and ending at the single commis- 
sure (Fig. 2). In both types, the aortic 
va ve is, in addition, often insufficient. Left 
veatricular hypertrophy and endocardial 
sckerosis of the left ventricular outflow 
tract are usually present, as in other types 
of aortic stenosis. 

on addition to these two common types, 
the congenitally bicuspid valve theoretic- 
all may be stenotic without superimposed 
va vular disease. However, in most cases of 


congenital bicuspid aortic valve, stenosis of 


the valve is acquired as a result of con- 





lic. 1. Usual form of dome-shaped valvular 
aortic stenosis viewed from above. 
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CONGENITAL AORTIC STENOSIS, ISOLATED AND COMBINED FORMS 





Age | Sex| 
a a £ | Angio- | Opera- 
| | = 
~ | grams | tions 
Range Average | M| F | © | 
| 
mo., togi yr. lO yr Ig | 4 23 O 
iğ | ss 
eo) 24. yT: PO yE | 4 3 | ] 4 
3 TO 45 yr. 29.5 yr. | 3 4 7 S 
wk. 5 wk. O I | O 
to g yr. | © yr. I I 2 2 
wk. to 45 yr. 13.6 yr. | 27 |) 13) 40 17 





tinuous trauma or superimposed bacterial 
endocarditis. 

Cases Studied, There were 26 patients, 20 
male and 6 female, who had congenital 
valvular aortic stenosis (Table 1). Their 
ages ranged from § weeks to 31 years. The 
tollowing associated cardiac lesions were 
observed: mitral insufficiency (3 cases), 
aortic insuficiency (5 cases), supravalvular 
aortic stenosis (1 case), subvalvular aortic 
stenosis (2 cases), coarctation of the aorta 
(1 case), and large patent ductus arteriosus 
(I case}. 

Roentgenographic Findings. The cardio- 
thoracic index ranged from 0.37 to 0.69, the 
average being 0.50. The left ventricle was 
considered to be enlarged in 21 cases (81 
per cent) and was of normal size in 5. This 





4 


lic. 2. Aortic (deft) and pulmonary (right) valves 
viewed from above. Aortic valve shows unicom- 
missural dome-shaped valvular aortic stenosis. 





| 


lic. 3. Posteroanterior roentgenogram of chest of 
patient having valvular aortic stenosis. Cardio- 
thoracic index=o.51. There are Grade 2 (on the 
basis of 1 to 3) enlargement of the left ventricle 
and Grade 3 poststenotic dilatation of the ascend- 
ing aorta. 


enlargement was slight in 11 cases, moder- 
ate in 7, and severe in 3. The left atrium 
was normal in size in 24 cases, while in 2 
cases it was slightly enlarged. 

Poststenotic dilatation of the ascending 
aorta was observed in g (35 per cent) of the 
26 cases (Fig. 3). The poststenotic dilata- 
tion was slight in 4 cases, moderate in 4 
cases, and marked in I case. 

The pulmonary vasculature was normal 
in all cases except 1, in which there was an 
associated large patent ductus arteriosus. 

None of the 26 patients having valvular 
aortic stenosis exhibited valvular calcifica- 
tion on fluoroscopic or roentgenographic ex- 
amination, 

Angiocardiography. Technique. Angio- 
cardiography was carried out in 19 cases by 
injection of contrast medium into the left 
ventricle, into which a catheter had been 
passed from the axillary artery in retro- 
grade fashion through the aortic valve. In 3 
instances in which the catheter could not be 
passed through the aortic valve, the injec- 
tion was made into the main pulmonary 
artery with rapid serial filming during the 
phase of left heart opacification. In 6 in- 
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stances, injection was made into the aortie 
root, and in 1 instance a left ventriculogram 
was obtained after percutaneous trans- 
thoracic left-ventricular needle puncture. 

Observations. The aortic valve was tri- 
cuspid in 23 cases, and the number of cusps 
was indeterminate in 3 cases. Thickening 
and irregularity of the aortic valve leaflets 
were apparent in 22 cases (Fig. 4 through 
7). In 3 cases, the valve leaflets appeared 
irregular but unthickened, while in 1 case 
the valve leaflets appeared slightly thick- 
ened without any evidence of irregularity of 
the leaflets. 

The aortic valve was noted to be de- 
finitely dome-shaped during systole in 20 of 
the 26 cases. In 5 cases, doming of the 
aortic valve was not observed, and in I case 
the aortic valve was rigid and showed no 
appreciable motion between systole and 
diastole. 

The maximal diameter of the aperture in 
the aortic valve could be accurately mea- 
sured in most cases on the angiocardio- 
graphic films exposed during ventricular 
systole. The diameter of the aperture varied 
from 3 mm. to 25 mm., the average being 13 
mm. Although there was a tendency for the 
higher pressure gradients across the valve 
to be associated with the smaller apertures, 
there was no close correlation between the 
pressure gradient and the diameter of the 
aperture as determined from the angio- 
cardiogram. 

A distinct positive or negative jet ema- 
nating from the aperture in the aortic valve 
was observed in g of the 26 cases. 

Poststenotic dilatation of the ascending 
aorta could be evaluated accurately on the 
angiocardiograms and was observed in 21 
(81 per cent) of the 26 cases. The post- 
stenotic dilatation was considered to be 
slight in 6 cases, moderate in 7, and marked 
in 8. There was no distinct correlation be- 
tween the severity of the valvular stenosis, 
as determined by the pressure gradient, and 
the degree of poststenotic dilatation. 

The size of the left ventricular chamber 
was normal in 6 cases, slightly enlarged in 
11, and moderately to markedly enlarged 
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lic. 4. Valvular aortic stenosis in a 6 year cld boy with gradient of 30 mm. Hg across valve. (4 and B) 
Systole, frontal and lateral. (C and D) Diastole, frontal and lateral. Aortic valve leaflets are irregularly 
thickened and are dome-shaped in systole. There are marked poststenotic dilatation of the ascending aorta 
and left ventricular enlargement and hypertrophy. 


in 8. In 1 case the left ventricular chamber cases (77 per cent). In 6 cases (23 per cent), 
was considered to be smaller than normal. hypertrophy of the upper portion of the in- 

Concentric hypertrophy of the left ven- terventricular septum was present, and in 2 
tricle, as determined from measurement of of these slight subvalvular narrowing of the 
the thickness of the lateral wall of the left left ventricular outflow tract resulted. 
ventricle in diastole, was observed in 20 Hypertrophy of the individual papillary 





FIG. 5. 
boy 


Valvulat aortic stenosis in an 11 year old 


having pressure gradient of 65 mm. Hg 
across valve. Frontal angiocardiogram in systole 
shows thickened, irregular, dome-shaped aortic 
valve leaflets in systole. There are moderate post- 
stenotic dilatation of aorta and marked dilatation 
of each branch of aortic arch. 


muscles of the left ventricle was evident in 
II cases (42 per cent). 
Left ventricular function, as evaluated 


on the basis of contraction and emptying of 


the left ventricle in systole, was good in 25 
cases and poor in I case. 

The coronary arteries were of normal 
size in 24 cases; they could not be evaluated 
in 2 cases in which the study had been 
carried out by injection of contrast medium 
into the pulmonary artery. 


Mitral insufficiency was evident in 3 of 


the 26 cases of valvular aortic stenosis, but 
it was mild in each instance. The com- 
petency of the aortic valve was evaluated 
in 6 cases by means of aortic-root injection, 
and in S of these, aortic insufficiency was 
present. The insufficiency was graded as 
mild in 3 cases and moderate in 2. 


SUPRAVALVULAR AORTIC STENOSIS 


Morphologic Features. Supravalvular 
stenosis, the rarest form of obstruction at or 
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near the aortic valve, is generally though: 
to be a congenital anomaly. The prototype 
example is one in which a fibrous membran> 
or ring completely or partially encircles th2 
aorta immediately above the aortic cusps. 
Commonly, a band or bands of connective 
tissue form parts of such a ring; and, in 
some instances, such bands may extend 
across the lumen of the aorta. Occasionally , 
the supravalvular aortic narrowing appears 
to result from localized hypoplasia of the 
aorta, while in other cases the narrowing 5 
due to fibrous or fibroelaszic thickening cf 
the aortic wall (Fig. 8). In the latter ir- 
trabeculations o- the thickened 
aortic segment may presert as diaphragr- 
like ridges of intima. While the aortic cusps 
are usually anatomically normal, an as- 
sociated bicuspid aortic valve is not ur- 
common. Other valvular anomalies, es- 
pecially of the mitral valve, may coexis-. 
Rarely, instances of incomplete dissecting 
aneurysm or small healed dissecting ar- 
eurysm located just above the valve may 
produce obstruction to left ventriculer 
outflow. 


stances, 





ic. 6. 


Valvular aortic stenosis in a § year old grl. 


Pressure gradient across valve was 30 mm. Fg. 
frontal 
thickening of aortic valve leaflets and relat-ve 
rigidity of left coronary cusp. 


projection in systole shows irregu ar 
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Fis. -. Valvular aortic stenosis in a 63 year old boy. Systolic pressure gradient across aortic valve was 36 mm. 
Hg. (4) Film in early systolic phase shows jet of contrast medium striking right lateral wall of aorta. (B) 
Ilm in later systolic phase shows marked poststenotic dilatation of ascending aorta. Orifice of aortic valve 
is slightly eccentric. Aortic valve leaflets are thickened and dome-shaped. 





Hic. g9. Supravalvular aortic stenosis in a 7 year old 
boy. Posteroanterior roentgenogram of chest 
shows slight enlargement of left ventricle. 








Frc. 8. One morphologic variety of supravalvular 
aortic stenosis. In this instance, narrowing resulted 
from fibroelastic thickening of the aortic wall 
above the valve associated with narrowing of 
aortic lumen (L). Left ventricular outHow tract 


and aorta have been opened. There is post mortem 
distortion of aortic valve (arrow). Surgical repair o 
narrowed segment had been attempted. 


806 


Cases Studied. There were 8 patients, 4 
male and 4 female, having supravalvular 
aortic stenosis, one of whom had associated 
valvular aortic stenosis (Table 1). For the 7 
patients having isolated supravalvular 
aortic stenosis, the ages ranged from 6 
vears to 21 years and the average age was 
IO years. The patient having coexistent 
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valvular aortic stenosis was a 5 week olc 
girl. 

Roentgenographic Findings. The cardio- 
thoracic index ranged from 0.40 to 0.54, the 
average being 0.49. The left ventricle was 
of normal size in 6 cases and was slightly en- 
larged in 2 (Fig. 9). There was no evidence 


Ww 


of left atrial enlargement in any of the 8 





liG. 10. Supravalvular aortic stenosis in a 6 year old girl. Gradient across stenotic zone was $7 mm. Hg. 
(4 and B) Systole, frontal and lateral views. (C and D) Diastole, frontal and lateral views. Narrowed seg- 
ment is located just above coronary ostia. Stenosis is more apparent in diastole. Right coronary artery s 
large. Mild mitral insufficiency is evident in lateral systolic film (B). (Patient also had mild infundibuler 
pulmonary stenosis.) 
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ic. 11. Supravalvular aortic stenosis in a 6 year old girl with gradient of 60 mm. Hg across stenotic zone. 
(4 and B) Frontal and lateral views in diastole show marked narrowing of ascending aorta just above 
orifices of coronary arteries. Narrowing is more marked on right anterior aspect of aortic root where dia- 
phragm-like structure extends partially across aortic lumen from right anterior aspect of aortic wall. 


cases. There was no roentgenographic evi- 
dence of poststenotic dilatation of the as- 
cending aorta in any of the cases. The 
pulmonary vasculature was normal in all 
cases and in none was there evidence of in- 
tracardiac calcification. 

Angiocardiography. Technique. Angio- 
cardiography was carried out in 7 cases by 
means of injection into the left ventricle, 
into which a catheter had been passed from 
the axillary artery in retrograde fashion 
through the aortic valve. In 1 instamce, a 
thoracic aortogram was carried out wath in- 
jection into the aortic root. 

Observations. In all 8 cases, the narrow- 
me was located at or just distal to the aortic 
valve ring and involved the entire circum- 
ference of the aorta, although the narrow- 
mg was usually more marked on the right 
anterolateral aspect of the aorta (Fig. 10 
through 12). In all cases the stenosed seg- 
ment was located slightly distal to the ostia 
of the coronary arteries. The length of the 
stenosed segment varied from 3 to 7 mm. 
There was no correlation between the ratio 
of the diameter of the narrowed segment to 


the diameter of the normal upper part of 
the descending aorta and the pressure 
gradient as determined by cardiac cathe- 
terization. 

The sinuses of Valsalva were normal in 4 
cases and were enlarged in 4 cases. The 
aortic valve was tricuspid in 6 cases, bi- 
cuspid in 1 case, and probably bicuspid in 1 
case. The aortic cusps were thickened ın 1 
patient who had combined valvular and 
supravalvular stenosis (Fig. 13, 7 and B). 

Poststenotic dilatation of the ascending 
aorta was evident on the angiocardiogram 
in 7 of the 8 cases. The dilatation was mild 
in § cases and moderate in 2. In no instance 
was marked poststenotic dilatation present. 
A jet was visible distal to the stenotic seg- 
ment only in the case of combined valvular 
and supravalvular stenosis. 

The coronary arteries were of normal 
size in 7 cases and were enlarged in I case. 

The left ventricular chamber was 
slightly enlarged in 2 cases, of normal size 
in 3 cases, and slightly smaller than normal 
in I case. There was clear-cut evidence of 
left ventricular hypertrophy in only 1 case, 
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lic. 12. (Æ and B) Preoperative thoracic aortogram of an 11 year old boy having supravalvular aortic steno- 


sis. Gradient was 23 mm. Hg across region of stenosis. Entire circumference of ascending aorta just above 
aortic valve ring is narrowed, but narrowing is more pronounced on right anterolateral aspect. Sinuses of 
Valsalva are large. At time of operation, fibrous ring was found completely encirc.ing aorta at level of 
commissures of aortic valve. Aperture through this region was estimated to be 4 mm. in diameter. (C and 
D) Postoperative thoracic aortogram shows relief of obstruction. 


in which the left ventricular chamber was 
smaller than normal. The function of the 
left ventricle, as assessed angiocardio- 
graphically with regard to contraction and 
emptying, was good in 4 cases, fairly good 
in I case, and indeterminate in 1 case be- 
cause of the occurrence of numerous ex- 


trasystoles throughout the period of film- 
Ing. 

In the 2 cases in which the examination 
was carried out by means of injection into 
the aortic root, aortic insufficiency was not 
observed. The competence of the mitral 
valve could be assessed in 5 cases in which 
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injections into the left ventricle were car- 
ried out, and mitral insufficiency was ob- 
served in 1 of these cases. 

Evidence of pulmonary stenosis was pres- 
ent in 2 of the 8 cases. One patient had 
valvular pulmonary stenosis and 1 had in- 
fundibular pulmonary stenosis. Peripheral 
pulmonary-artery stenosis was not evident 
in any of the cases. 


SUBVALVULAR AORTIC STENOSIS 


Morphologic Features. Subvalvular aortic 
stenosis may be defined as a localized nar- 
rowing of the outflow tract of the left 
ventricle at or below the line of attachment 
of the aortic cusps. Although many condi- 
tions may cause obstruction of the left 
ventricular outflow tract, if those forms re- 
lated to left atrioventricular valve ab- 
normalities are excluded, most examples of 
subaortic stenosis may be regarded as either 
of the muscular or fibrous type. 

Muscular subaortic stenosis classically is 
seen as a relatively localized bulging of the 
muscular interventricular septum below the 


liG. 13. (4 and B) Supravalvular aortic stenesis encircling entire circumference of aortic root in a 7} year old 
girl. Gradient was 98 mm. Hg across stenotic region. Valvular aortic stenosis was also thought to be present, 
and there was mild mitral insufficiency (note dense opacification of left atrial appendage). This patient also 


had infantile hypercalcemia. 


aortic ring (Fig. 144). In some cases, 
similar muscular masses located more on 
the anterolateral wall of the left ventricle 
may obstruct the outflow tract. The over- 
lying endocardium is commonly thickened. 
The bulging muscle may be localized to the 
basilar portion of the outflow tract, or it 
may involve the outflow tract diffusely 
from the base to the apex (Fig. 148). 

The fibrous or membranous type of sub- 
aortic stenosis is due to the presence of a 
fibrous ring, complete or incomplete, in the 
outflow tract of the left ventricle within 1 
to 3 cm. of the aortic valve (Fig. 15, 4, B 
and C). 

Although most instances of muscular 
subvalvular aortic stenosis have been rec- 
ognized in young adults, this type of lesion 
also generally is regarded as congenital, and 
suficient examples have been encountered 
in infants and children to support this view. 

Cases Studied. Of the 9 patients having 
sudvalvular aortic stenosis, 7 had isolated 
subvalvular stenosis and 2 had combined 
subvalvular and valvular stenosis. The pa- 
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tients, 4 male and 5 female, ranged in age 
from 7 to 45 years. The average age of those 
having isolated subaortic stenosis was 29.5 
years, and the average age of those having 
combined subvalvular and valvular stenosis 
was 8 years. 

Koentgenographic Findings. The cardio- 
thoracic index ranged from 0.49 to 0.60, the 
average being 0.54. The left ventricle was 
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FIG. 14. (4) Opened left ventricle and aortic valve 
show subvalvular aortic stenosis due to localized 
hypertrophy, particularly involving 
septum (arrow). (B) Opened left 
ventricle and aortic valve show subvalvular aortic 


muscular 
ventricular 


stenosis due to diffuse muscular hypertrophy. 
Sutures in aortic wall above va_ve were placed post 
mortem. 


slightly enlarged in 2 cases, moderately en- 
larged in 5 (Fig. 16), and markedly en- 
larged in 2. The left atrium was believed to 
be of normal size in 6 cases, slightly en- 
larged in 2 cases, and moderately enlarged 
in I case (Fig. 17, 7 and B). 

Poststenotic dilatation of the ascending 
aorta was present in only I case of sub- 
valvular aortic stenosis. In that case val- 
vular stenosis was also present. 

Angiocardtogra phic Findings. Technique. 
Left ventriculography, with passage of a 
catheter in retrograde fashion through the 
aortic valve, was performed in 8 cases. In | 
case, a left ventriculogram was obtained 
by means of transthoracic needle puncture 
of the left ventricle. 

Observations. The left ventricular cham- 
ber was of normal size in 1 case, slightly 
smaller than normal in 3 cases, moderately 
smaller in 2 cases, and markedly smaller in 
I case. In 2 cases, the left ventricular cham- 
ber was slightly larger than normal, but in 
both instances the patients had combined 
subvalvular and valvular stenosis. 

Left ventricular hypertrophy was 
striking in most of the cases, the thickness 
of the lateral wall of the left ventricle in 
diastole ranging from Io to 40 mm., the 
average being 17 mm. The hypertrophy of 
the left ventricular wall was often irregular, 
resulting in a grossly irregular outline of the 
left ventricular chamber. Contributing to 
the irregular outline of the left ventricular 
chamber in 2 cases was gross hypertrophy of 
the papillary muscles. The irregular distor- 
tion of the left ventricular chamber in most 
cases of subvalvular aortic stenosis was 
such that determination of left ventricular 
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(4) Subaortic stenosis due to subvalvular fibrous ring or diaphragm (arrow) as viewed from below 


aortic valve. Mitral valve (MV) is in close proximity to fibrous ring. (B) Subaortic stenosis due to fibrou: 
membrane (arrow). (C) Aortic valve viewed from above with cusps opened to demonstrate subaorti 


fibrous ring (arrows) producing stenosis. 


volume from the angiocardiogram was 1m- 
possible. 

The angiocardiogram in the usual torm of 
sibvalvular aortic stenosis showed evidence 
of marked septal hypertrophy in the form 
of a muscular ridge about 2 cm. below the 
aortic valve (Fig. 18 through 20). This 
muscular ridge was best visualized in the 
leteral projection. In ventricular systole 
the ridge tended to bulge into the outflow 
tract, producing subvalvular obstruction. 
The ridge was usually somewhat triangular, 
with its broad base against the septum. In 
ventricular diastole, the anterior mitral 
leaflet closely approximated the hyper- 
trophied septum and the outflow tract as- 
sumed the shape of an inverted cone. 

The type of left-ventricular outHow-tract 
obstruction just described was observed in 





Roentgenogram © 
chest shows moderate enlargement of left ven 
tricle. 


stenosis. 


Fic. 16. Subaortic 


VA 


Takekawa, Kincaid, Titus and DuShane 


DECEMBER, 1966 





I'tG. 17. Subaortic stenosis. (Aortograms of same patient are shown in Figure 18, 4—D.) (4) Roentgeno- 
gram of chest shows moderate enlargement of the left ventricle and left atrium. (B) Barium swallow study 
(right anterior oblique projection) shows moderate enlargement of left atrium. 


6 of the g cases of subvalvular aortic 
stenosis comprising this series. In 1 case, 
marked diffuse septal hypertrophy was 
present and resulted in narrowing of the en- 
tire left ventricular outflow tract. In 2 
cases, the stenosis, although localized, was 
relatively low and was located opposite the 
free margin of the anterior mitral leaflet 
(Fig. 21, A-D; and 22, A-D). In 1 patient 
who exhibited the usual muscular hyper- 
trophy of the septum just below the aortic 
valve, a second zone of marked localized 
concentric narrowing was located in the 
sinus portion of the left ventricle (Fig. 
235 A-D). 

Left ventricular function, as judged from 
the effectiveness of ventricular contraction 
and emptying, was good in § cases and 
moderately poor in 2. In 1 case, left ven- 
tricular contractions were extremely poor. 

The competency of the mitral valve 
could be assessed in 8 cases in which Jeft 
ventriculography was carried out. In 4 of 
these 8 cases, mitral insufficiency was 
present, the insufficiency being mild in 1 
case and moderate in 3 cases. 

The aortic valve was tricuspid in all g 
cases. However, in the 2 cases with as- 
sociated valvular stenosis, the aortic valve 


leaflets were thickened and dome-shaped in 
systole. 

Six of the 7 patients having isolated sub- 
valvular aortic stenosis had a normal 
ascending aorta, without evidence of post- 
stenotic dilatation. One patient with iso- 
lated subvalvular stenosis had fairly 
marked poststenotic dilatation of the 
ascending aorta. Of the 2 patients having 
combined subvalvular and valvular steno- 
sis, 1 showed marked poststenotic dilata- 
tion and 1 showed slight poststenotic dila- 
tation of the ascending aorta. 

A jet of contrast medium extending into 
the root of the aorta was seen in 2 cases, I 
of isolated subvalvular stenosis and 1 of 
combined subvalvular and valvular steno- 
SIS. 

The coronary arteries were well visual- 
ized in each instance and were of normal 
size in 6 cases and of larger size in 3. 


COMMENT 


In isolated congenital valvular aortic 
stenosis, enlargement of the left ventricle 
was the most significant single finding on 
the thoracic roentgenogram. This finding 
was present in 80 per cent of the cases in 
our series (Table 11). The left ventricular 
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lic. 18. Subaortic stenosis in a 43 year old woman with pressure gradient of §g mm. Hg across left ventricular 
outflow tract. (Roentgenograms of same patient are shown in Figure 17, 4 and B.) (4 and B) Systole, 
frontal and lateral. (C and D) Diastole, frontal and lateral. Muscular ridge protruding from upper portion 
of ventricular septum, about 2 cm. below aortic valve, encroaches on outflow tract of left ventricle. Left 
ventricular outflow tract in diastole shows typical inverted-cone shape (D). There is moderate poststenotic 
dilatation of ascending aorta. Marked hypertrophy of left ventricular wall and papillary muscles. Mitral 


insufficiency is evident. 


enlargement did not always increase the 
cardiothoracic index; in some instances it 
produced only a bulging “left ventricular” 
contour. This observation is similar to that 
noted in previous reports!??%22 and is in 
contrast to the findings in acquired valvu- 


lar aortic stenosis, in which cases left vent- 
ricular enlargement is more pronounced.!® 
Left ventricular enlargement was evident 
in all of the cases of subvalvular aortic 
stenosis included in the present study. We 
have found the most marked increases in 
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l'tG. 19. Subaortic stenosis in a 21 year old woman with gradient of 15 mm. Hg across stenotic region. (4 and 
B) Systole, frontal and lateral. (C and D) Diastole, frontal and lateral. Interventricular septal hypertrophy 
in usual location, but less pronounced than in patient whose angiocardiograms are shown in Figure 18, 


A-D. Marked left ventricular hypertrophy. 


size of the left ventricle and in the cardio- 
thoracic index in cases of subvalvular aortic 
stenosis, as have others.°!°” Like Klatte 
and his co-workers,” we found no correla- 
tion between the cardiothoracic index and 
the systolic pressure gradient in any group. 
In contrast to cases of valvular or sub- 


valvular aortic stenosis, left ventricular en- 
largement was present in only 25 per cent 
of cases of supravalvular stenosis, and in 
most of these cases the enlargement was 
slight. 

Poststenotic dilatation of the ascending 
aorta as noted on thoracic roentgenograms 
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l'c. 20, Subaortic stenosis in a 30 year old man; usual location and with gradient of 16 mm. Hg across stenotic 
region. (4 and B) Systole. (C and D) Diastole. Marked irregular hypertrophy of left ventricle. Moderate 


mitral insufficiency. 


was present in 35 per cent of cases with 
valvular aortic stenosis, which is in keeping 
with the findings of Straube and co- 


workers," but which represents only half 


the frequency of poststenotic dilatation 
observed by Braunwald and co-workers!’ 
and Klatte and co-workers.” In contrast, 
poststenotic dilatation of the aorta was not 
observed in the plain roentgenograms of the 
chest of patients having supravalvular or 
subvalvular aortic stenosis, with the excep- 
tion of 1 case of combined subvalvular and 
valvular stenosis. Although Klatte and co- 


workers” found poststenotic dilatation of 
the aorta in 71 per cent of cases of subval- 
vular aortic stenosis and stated that post- 
stenotic dilatation of the aorta was not a 
good differential point between congenital 
valvular and subvalvular types of aortic 
stenosis, our studies would indicate that the 
presence or absence of poststenotic dilata- 
tion of the aorta may be of some help in this 
differential diagnosis. 

Left atrial enlargement, in our series, was 
found in 2 (8.5 per cent) of 23 cases of 
isolated valvular aortic stenosis and in 3 
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FIG. 21, Angiocardiogram of a 26 year old woman with subaortic stenosis and gradient of 94 mm. Hg acros 
stenotic region. (4 and B) Systole. (C and D) Diastole. Hypertrophy of the interventricular septum 5 
located slightly lower than usual and is opposite free margin of anterior mitral leaflet. Note inverted-con2 
appearance of left ventricular outflow tract in diastole. (D) Note hypertrophic ridge is also well visualize 1 
on anteroposterior angiocardiogram. Mitral insufficiency is present. 


(33 per cent) of 9 cases of subvalvular 
aortic stenosis. Klatte and co-workers” 
reported frequencies of 35 per cent and 
43 per cent, respectively for these two 
groups, while Braunwald and co-workers!” 
observed left atrial enlargement in 9 per 
cent of cases of aortic stenosis, including all 
types. No enlargement of the left atrium 
was found in cases of supravalvular stenosis 


in our series or in those cases which have 
been reported in the literature. 

Associated lesions such as coarctation cf 
the aorta, patent ductus arteriosus, and 
ventricular septal defect have been re- 
ported in previous studies of aortic stenc- 
sj. 1) 7,10, 12,14,16,18, 21,26,28,29,37-39 Jr our Series, 
cases of coarctation of the aorta and patent 
ductus arteriosus were found in association 
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liG. 22. Subaortic stenosis in a 13 year old girl. Gradient was 70 mm. Hg across stenotic region. (4 and B) 
Systole. (C and D) Diastole. Hypertrophic muscular ridge is visible opposite free margin of anterior mitral 
leaflet. Location is similar to that in case illustrated in ligure 21, 4-D. Marked left ventricular hyper- 


trophy. Mitral insufficiency is present. 


with valvular aortic stenosis only. A rela- 
tively high incidence of peripheral pul- 
monary-artery stenosis in association with 
supravalvular aortic stenosis has been re- 
ported by Bourassa and Campeau’ and by 
Watson.* No cases of peripheral pulmon- 
ary artery stenosis were detected in our 
group of patients with supravalvular steno- 


sis, although 2 patients had pulmonary 
stenosis. In 1 of these, there was associated 
valvular pulmonary stenosis, and in an- 
other, there was associated infundibular 
pulmonary stenosis. 

Calcification of the aortic valve was not 
found in any of our cases of valvular aortic 
stenosis, although such calcification has 
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lic. 23. Angiocardiogram of a 29 year old man. (4 and B) Systole. (C and D) Diastole. There is subaortic 
stenosis in usual location, about 2 cm. below aortic valve and opposite midportion of anterior mitral leaflet. 
In addition, there is extreme hypertrophy of left ventricular myocardium with second zone of obstruction 
or stenosis in sinus portion of left ventricle well below mitral valve. Two gradients were present—one of 
ro mm. Hg across the subvalvular zone, and one of 35 to 40 mm. Hg across the stenotic zone in sinus por- 
tion of ventricle. As in most cases of subaortic stenosis, irregular contour of left ventricular chamber made 


left ventricular volume measurements impossible. 


been reported by Braunwald and co- 
workers,'? who found calcification in 18 per 
cent of such cases. 

The angiocardiographic findings in con- 
genital aortic stenosis have been described 
bY ‘Various. authors, % 115.4% ,2t,00-s240. Ae 


summarized by Björk, Cullhed, and Lodin, 
the angiocardiographic diagnosis of valvu- 
Jar aortic stenosis is based on (1) thickening 
of the aortic cusps, (2) rigidity of the cusps, 
(3) small caliber of the aortic orifice, (4) 
slow rate of flow of contrast medium 
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MAJOR ROENTGENOGRAPHIC SIGNS IN CONGENITAL 
AORTIC STENOSIS: 40 CASES 
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 Roentgenologic Findings (percent) 





Type of — Enlarge- | p ost- e 
Stenosis | mentof | stenotic | mert of 





| Left | Dilatation Left 

— Ventricle | of Aorta Atrum 
Valvular | 8o : a6 Rs 
Supravalvular | 25 O © 
Subvalvular — 100 o a 


through the orifice, (5) dilatation of the 
ascending aorta, (6) slow emptying ca- 


pacity of the left ventricle, (7) Te of 


the left ventricular wall, and (8) dome- 
shaped aortic valve. In addition, the orifice 
of the aortic valve in congenital valvular 
aortic stenosis 1s eccentric im many eases 
and tends to be smaller in the patients with 
the largest gradients across the stenosis. 
These various points were confirmed by 
this present study, 

The angioc ardiographic findings im su- 
pravalvular stenosis as described by several 
authors!!)'5.14.%.30,32,40 were confirmed in 
this study. The main finding was the pres. 
ence of a short segment of narrowing of the 
aortic root at or just above the point ef in- 
sertion of the aortic leaflets. One of our pa- 
tients exhibited the syndrome consisting of 
unusual facial features and mental retarda- 
tion in association with supravalvular 
aortic stenosis, as has been described in the 
hterature.” $433 uas One patient of this group 
had infantile hypercalcemia, as was noted 
in I of the group of cases reported by Black 
and Bonham Carter.‘ 

The etiology and nature of subvalwular 
aortic stenosis have been much debated in 
the recent literature. Although the concept 
that muscular subaortic stenosis may be an 
acquired abnormality in some cases*-—-per- 
haps occurring secondary to idiopathic 
myocardial hypertrophy—-has been ad- 
vanced, its occurrence in children and in 
some adults without evidence of marked 
diffuse myocardial disease suggests that the 
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entity may be in many cases a congenital 
lesion. The diagnosis of this condition and 
its distinction from other conditions pro- 
ducing left ventricular outflow obstruction 
can be made accurately by means of angio- 
cardiography. Although the association of 
subvalvular pulmonary stenosis with sub- 
valvular aortic stenosis has been occasion- 
ally observed,??:**-838 no such association 


was found in our series. 


SUMMARY 


The roentgenographic and angiocardio- 
graphic features of congenital valvular, 
supravalvular, and subvalvular aortic sten- 
osis have been reviewed and described. 

The single most common roentgeno- 
graphic finding in this group of conditions 
was left ventricular enlargement. Post- 
stenotic dilatation of the ascending aorta 
was frequently discernible on the roentgen- 
ograms of the chest of patients having con- 
genital valvular stenosis, but it was not de- 
tected in patients having isolated su- 
pravalvular or subvalvular stenosis. Left 
atrial enlargement was common in sub- 
valvular stenosis, was infrequently en- 
countered in valvular stenosis, and was not 
detectable in any cases of supravalvular 
stenosis. 

The pathologic anatomy of the various 
types of congenital aortic stenosis was well 
demonstrated in all instances by means of 
large-film biplane selective angiocardiog- 
raphy. 

The Mayo Clinic 
Rochester, Minnesota ¢$§gol 
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SUPRAVALVULAR AORTIC STENOSIS* 


By EDWARD A. KUPIC, M.D.,f and HERBERT L. ABRAMS, M.D.{ 


PALO ALTO, CALIFORNIA 


S UPRAVALVULAR aortic stenosis may 
occur as an isolated entity, but its fre- 
quent association with peripheral pulmo- 
nary artery stenosis, physical and mental 
retardation and a characteristic abnormal 
facies with maldeveloped dentition has 
been emphasized recently.’ These findings 
comprise one or more new and fascinating 
syndromes. In addition, recent studies’ *" 
indicate that hypercalcemia in infancy may 
be an additional facet of the syndrome and 
may actually be responsible for the various 
developmental abnormalities. 

As a cause of obstruction to left ventric- 
ular outflow which is clearly operable, its 
recognition and differentiation from val- 
vular or subvalvular stenosis are important 
prior to surgery. The present report ts de- 
signed to emphasize certain roentgenologic 
features which have not vet received ade- 
quate attention, as well as to relate the 
anatomic lesion to the total clinical picture. 


REPORT OF SPECIFIC CASES 


Case r. S. R., a 12 year old white boy, had a 
heart murmur first noted at the age of 1 
month. He had been entirely well until 3 
months before admission, when he first com- 
plained of dyspnea on exertion and occasional 
sharp chest pain along the left sternal margin. 
He had two bouts of syncope following severe 
exertion, with subsequent restriction of his 
activities, 

Physical examination revealed a height of 4 


g2 pounds (goth percentile). The facies was 
normal. Blood pressure was 130/60. The pulses 
were normal and equal. Visible pulsation was 
present in the suprasternal notch and along the 
carotids with a systolic thrill palpable over the 
carotids. A Grade 4 systolic murmur was noted 
in the aortic area with transmission to the neck 
and apex. The aortic second sound was normal. 


The remainder of the examination was normal. 
An electroencephalogram showed left ventricu- 
lar hypertrophy. 

Roentgenograms of the chest (Fig. 1, -7 and 
B) showed only minimal left ventricular 
prominence. The aorta was not significantly 
dilated. 

Cardiac catheterization was performed via a 
left ventricular puncture. The left ventricular 
pressure was 176/0, the aortic pressure 130/84. 
Several withdrawal pressure recordings were 
obtained, demonstrating an area of supravalvu- 
lar stenosis with a systolic gradient of 46 mm. of 
mercury. 

A retrograde aortogram (Fig. 1C) and cme- 
aortography showed a definite localized area of 
supravalvular aortic stenosis with dilated 
aortic sinuses and prominent coronary arteries. 
The aortic leaflets were normal. There was 
slight but definite narrowing of the origin of the 
left common carotid artery. 

At surgery, there was a localized segmental 
narrowing at the level of the attachments of the 
commissures to the aortic wall. The aorta was 
incised longitudinally and a fbromuscular band 
was noted around the entire circumference of 
the aorta at the level of the attachments of the 
commissures. The incision was prolonged into 
the noncoronary sinus and the aortic lumen 
widened. A teardrop-shaped woven teflon patch 
was inserted. 

The patient did well after surgery with an in- 
creased exercise tolerance and a decrease of the 
murmur to Grade 1 when last seen, 16 months 
after surgery. 


Case u. M.V. a rg year old white boy, com- 
plained of fainting and dizzy spells lasting up to 
i minute in duration over the prior 6 months. 
One fainting episode occurred after exercise but 
the over-all exercise tolerance had been excel- 
lent. There was no history of chest pain,dyspnea 
or previous heart disease. 

Physical examination revealed a blood pres- 
sure of 145/60 in the right and 110/80 in the 
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left arm. The right carotid artery was palpably 
strcnger than the left and a thrill was noted on 
the left. The facies was normal. There was no 
clin.cal evidence of cardiomegaly, but a cough 
Grade § of 6 systolic murmur was heard over 
the entire precordium with radiation tə the 
bacx. The remainder of the physical examina- 
tior was normal. 
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lic. 1. Case 1. Supravalvular aortic stenosis in 
a 12 year old boy. (4) Posteroanterior 
roentgenogram shows slight prominence of 
the left ventricular border of the heart. The 
pulmonary vasculature appears normal. (B) 
Left anterior oblique roentgenogram. There 
is no evidence of poststenotic dilatation of 
the ascending aorta, such as is seen in valvu- 
lar aortic stenosis. (C) Thoracic aortogram. 
A localized zone of supravalvular stenosis, 
with moderately prominent coronary sinu- 
ses, 1s demonstrated. The coronary arteries 
are huge. Beyond the stenosis, the aortic 
lumen is not grossly abnormal. An area of 
slight but definite stenosis at the origin of 
the left common carotid artery is apparent, 
but the left subclavian artery subsequently 
filled adequately and is normal. 


The electrocardiogram was normal. 

Roentgenograms of the chest (Fig. 2, 4 and 
B) showed no evidence of cardiac enlargement 
or poststenotic dilatation of the aorta. 

Cardiac catheterization demonstrated an 
abrupt systolic gradient at the supravalvular 
level with an aortic root pressure of 200/98 and 
a pressure In the aortic arch of 142/98, yielding 
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a mean systolic pressure gradient of 58 mm. of 
mercury. 

A retrograde thoracic aortogram (Fig. 2C) 
showed discrete narrowing of the aorta approxi- 
mately 3 cm. above the sinuses with an aortic 


lumen of approximately 1.5 cm. at this level. 
There was stenosis at the origin of the left com- 
mon carotid artery. The coronary arteries were 
dilated and tortuous. There was no evidence of 
aortic valvular stenosis or insufficiency. 

At surgery, a 4 cm. right aortotomy was per- 
formed. Marked hypertrophic supravalvular 
stenosis was identified with an internal diameter 
in the aortic lumen of about 1.0 cm. The aortic 
intima was markedly thickened. The incision 
was widened with a teardrop-shaped_ teflon 
patch. The patient tolerated this procedure well 
and was discharged on his ninth postoperative 
day to be followed in clinic. His subsequent 
course was uneventful. 
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lic. 2. Case 11. Supravalvular aortic stenosis in 
a 15 year old boy. (4) Posteroanterior 
roentgenogram. The heart is not enlarged. 
(B) Left anterior oblique roentgenogram. 
There is no evidence of poststenotic dilata- 
tion. (C) Cine-thoracic aortogram. Enlarge- 
ment of a 35 mm. frame. Just above the 
origin of the coronary arteries, there is a 
localized zone of stenosis which demon- 
strated a systolic pressure gradient of 58 mm. 
of mercury. The coronary arteries are strik- 
ingly dilated. There was also stenosis of the 
left common carotid artery and the left sub- 
clavian artery. 


Case wi. A.H., an 11 year old white boy, was 
born with respiratory distress and poor muscle 
tone. A diagnosis of mongolism with heart dis- 
ease was made during his first year. His growth 
and development were slow and the IQ was in 
the 75-80 range at age 4 years. His chief com- 
plaint was fatigue with excessive activity. No 
other cardiac symptoms were noted. He was 
described as an unusually affable and coopera- 
tive child. 

Physical examination revealed a height in the 
4oth percentile and a weight in the 25th per- 
centile. The blood pressure was 90/60 in the 
right arm and 80/60 in the left arm and 80/70 
in the left leg. The patient had an unusual face 
with large low set ears but no hypertelorism or 
micrognathy. He was friendly and talkative 
during examinations. The left brachial pulse 
was weaker than the right and the femoral 
pulsations were also slightly weakened. There 
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lic. 3. Case 11. Supravalvular aortic stenosis in an 11 year old boy. (4) Posteroanterior roentgenogram. No 
evidence of significant cardiac enlargement is visible. (B) Left anterior oblique roentgenogram. The left 
ventricle projects slightly posteriorly, but is clearly not significantly dilated. No evidence of poststenotic 
dilatation of the aorta is visible. (C) Cine-thoracic aortogram. Enlargement of a 35 mm. frame. A localized 


area of narrowing is visible just above the aortic sinuses. The coronary arteries are dilated and tortuous. 
Beyond the stenosed area the aorta gradually widens into the isthmus. The origins of the brachiocephalic 
vessels are normal. A peak systolic pressure gradient of 80 mm. mercury is found. (D) Selective pulmonary 
arteriogram. There is no evidence of branch stenoses. 


was clinical evidence of left ventricular en- 
largement with a thrill in the suprasternal 
notch. A Grade 4 of 6 long, harsh systolic ejec- 
tion murmur was noted in the first intercostal 
space near the sternum. There was no ejection 
click. 


kK iectrocardiograms showed left ventricular 


predominance and hypertrophy. The serum 
calclum was 9.4 mg. per cent. 

Roentgenograms of the chest (Fig. 3, 4 and 
B) showed no abnormalities. 

Cardiac catheterization revealed a left ven- 
tricular pressure of 175/6, a supravalvular 
aortic pressure of 167/58, and ascending aortic 
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pressure of 95/66. The peak systolic pressure ` 


gradient was 80 mm. of mercury. The right 
ventricular pressure was 21/3, the main pulmo- 
nary pressure 20/6, and the right pulmonary 
artery pressure 17/6. 

Cine-thoracic aortography delineated a local- 
ized area of narrowing Just above the sinuses of 
Valsalva with a modest: degree of poststenotic 
dilatation beyond (Fig. 3C). The aortic valve 
leaflets were normal, as were the origins of the 
brachiocephalic vessels. The coronary arteries 
were dilated and tortuous. A pulmonary arterio- 
gram was normal (Fig. 3D). 

At surgery, a localized stenosis was noted at 
the base of the aorta with dilatation of the aorta 
at the level of the cusps. A longitudinal 5 cm. 
aortotomy was made into the noncoronary sinus 
which revealed a slightly thickened aortic valve 
with slight underdevelopment of the right cusp. 
At the area of stenosis, the diameter of the 
aortic lumen was approximately 4 mm. and both 
internal and external constrictions were present. 
A repair was completed by insertion of a teflon 
patch. The patient did well post surgery and 
was discharged on his tenth postoperative day. 
He continued to be asymptomatic, as observed 
in the cardiac clinic 1 month after surgery. 


Case 1v. J.W., a9 year old white male, had a 
heart murmur, first heard at the age of 6 
months. Since that time occasional bouts of 
cyanosis of the lips and fingernails, shortness of 
breath, and a limited exercise tolerance with leg 
pains had been noted. A clinical diagnosis of 
aortic stenosis was made at the age of 5 years. 
At 74 years, glomerulonephritis and rheumatic 
fever required a period of bed rest lasting 6 
months. 

Physical examination revealed a blood pres- 
sure of 120/100 in the right arm, 100/80 in the 
left arm, and 120/80 in the left leg. His height 
was in the 30th percentile and his weight in the 
8oth percentile. A weak radial pulse was noted 
on the left. There was no clinical evidence of 
cardiomegaly, but a Grade 2 of 6 systolic thrill 
was palpable at the second intercostal space. 
A Grade 4 of 6 harsh systolic murmur was 
heard in the second intercostal space along the 
right sternal border with radiation over the 
entire precordium and to, the neck and back. 
There was no ejection click. The remainder of 
the physical examination was entirely normal. 

An electrocardiogram revealed left ventricu- 
lar hypertrophy. Serum calcium was 10.9 mg. 
per cent. 
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Roentgenograms of the chest. showed only 
slight prominence of the left ventricular border 
(Fig. 4, 4 and B). 

At cardiac catheterization, the left ventricu- 
lar pressure was 189/3, the proximal ascending 
aortic pressure 190/54, and the distal ascending 
aortic pressure was 73/54 with a mean systolic 
pressure gradient of 87 mmi. of mercury. Pres- 
sure in the right ventricle was 32/3, pressure in 
the main pulmonary artery 38/4, pressure in the 
left pulmonary artery 21/7 and pressure in the 
right pulmonary artery 12/3. oe 

Cine-thoracic aortography revealed severe 
supravalvular aortic stenosis for several centi- 
meters above the sinus of Valsalva (Fig. 4C). 
There was some hypoplasia of the entire ascend- 
ing aorta. Marked dilatation and tortuosity of 
the coronary arteries were noted, particularly 
on the right. The aortic valve leaflets were 
normal. Stenosis was present at the origin of the 
left common carotid artery and, to a lesser ex- 
tent, at the origin of the innominate artery 
with tortuosity and poststenotic dilatation. 
A pulmonary arteriogram showed stenosis of 
the proximal portion of the left main pulmonary 
artery, at the origin of the right pulmonary 
artery, and in multiple branch pulmonary 
vessels (Fig. 4 D). Surgical correction has been 
recommended but has not yet been undertaken. 


DISCUSSION 
I. ETIOLOGY AND PATHOGENESIS 


Supravalvular aortic stenosis is a lesion 
of obscure congenital origin. Beuren eż a/.,° 
impressed by the associated pulmonary 
branch stenoses, suggested that the dual 
involvement indicated a defective forma- 
tion of the aortic septum as the etiologic 
factor. Such a concept is not tenable 
because the major pulmonary involvement 
is in the branches of the pulmonary artery, 
arising from the sixth brachial arches, 
rather than the aortic septum. Whatever 
the defect is, it clearly involves many tis- 
sues, including blood vessels, brain, teeth 
and bone. 

Eisenberg eż al.” have studied the familiar 
aspects of the anomaly. Three generations 
in 2 families comprising almost 100 persons 
were investigated for the presence of 
supravalvular aortic stenosis. There were 
§ proven cases, 8 cases in which the diag- 
nosis was tentatively made by the char- 
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liG. 4. Case iv. (4) Posteroanterior roentgenegram. The heart is at the upper limits of normal size, but with 
some fullness of the lower left heart border. (B) Left anterior oblique roentgenogram. Moderate prominence 
of both left and right ventricles is apparemt. No evidenee of poststenotic dilatation of the aorta is seen. 
(C) Cine-thoracic aortogram, Enlargement of a 35 mm. frame. The injection is performed with the catheter 
im the left ventricle. The study demonstrates an enlarged left ventricle, which is also somewhat trabecu- 
lated. About 2 cm. above the valve, there is an area of marked narrowing of the aorta, which is hypoplastic 
above the site of stenosis. The coronary arteries are huge. Stenosis of the origin of the left common carotid, 
as well as minimal narrowing of the proximal portion of the innominate artery, is also visible. The descend- 
ing thoracic aorta is normal in caliber. (D) Cine-pulmonary arteriogram. Enlargement of a 35 mm. frame. 
Profound stenosis is visible at the origin of a number of branch pulmonary arteries, particularly on the 


ræht, but on the left as well. 


acteristics of the murmur and thrill and 
g in which the diagnosis was suspected on 
clinical examination. 

Merritt eż a/.48 have studied 8 families 
with 1 or more affected individuals and 
found 25 probable cases in 4 of the 8. Pedi- 
gree analysis of familiar cases indicated an 
autosomal dominant mode of inheritance, 
with patients falling into two groups: (1) 
Sporadic cases with the complete syndrome 


of supravalvular aortic stenosis, mental 
retardation, abnormal facies and peripheral 
pulmonary artery stenosis in which an 
extra chromosome may be present, produc- 
ing a mosaic pattern; and (2) familial cases 
in which the trait is transmitted as an 
autosomal dominant with variable expres- 
sion and often lacking mental retardation 
and facial similarity. 

Eberle and Beuren? have recently re- 
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ported a lack of any chromosome abnor- 
mality in their studies of 3 patients with 
supravalvular aortic stenosis and low IQ's. 

A familial influence has been suggested 
by Wooley ez a/.° who discovered supraval- 
vular aortic stenosis in 2 siblings, and by 
Sissman ef al.,°° who described aortic sten- 
osis in a patient whose grandmother was 
found to have supravalvular aortic stenosis 
at autopsy. The predominant occurrence 
of supravalvular aortic stenosis in males 
suggests an hereditary factor. 

Recently, an association between supra- 
valvular aortic stenosis and idiopathic 
hypercalcemia of infancy has been pointed 
out by Garcia ef al’? A characteristic 
‘elfin” facial appearance has been noted 
in patients with idiopathic hypercalcemia 
during infancy. Black and Bonham-Carter? 
have described some cases of supravalvular 
stenosis in older children with elfin-like 
facies who revealed histories of illness in 
infancy suggesting hypercalcemia. Serum 
calcium levels were normal in our own 
patients in whom it was obtained. 

An abnormality of vitamin D metab- 


olism has been postulated as the cause of 


hypercalcemia. If hypercalcemia is truly 
an integral facet of the supravalvular 
aortic stenosis syndrome, it must still be 
established whether the hypercalcemia is 
one component of a genetically determined 
multiple system abnormality, or whether 
the total syndrome stems from a derange- 
ment of vitamin D metabolism which may 
even be operative 77 utero. It has been 
shown by Eisenstein and Zeruolis™ that, in 
animal studies, excess vitamin D has pro- 
duced changes in the wall of the aorta, 
coronary arteries and heart valves ranging 
from subendothelial edema to calcification. 
Clinically, Rashkind ef a/.° have studied a 
large series of patients with idiopathic 
hypercalcemia of infancy and have noted a 
significant murmur in 63 per cent of $4 
cases. They feel that the murmur is due to 
pathologic changes involving the cardiac 
valves and myocardium. 

Why some patients with supravalvular 
aortic stenosis are not mentally retarded 
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and do not have the characteristic facies or 
peripheral pulmonary artery stenoses 1S, 
of course, not clear. Only 1 of our patients 
had altered facies and mentality. When 
Buchs and Wyler”? reviewed the intelligence 
level of many previously reported patients, 
they found normal mentality in 27 of 45 
cases. Of those classified as normal, 18 
were boys and 8 girls. In an additional nor- 
mal patient, the sex was not stated. The 
mentally deficient group was composed of 
6 boys and 12 girls. Prior to the recognition 
of this syndrome, mental retardation was 
noted to be frequently associated with 
aortic coarctation. The absence of mental 
retardation in some cases cf supravalvular 
aortic stenosis as well as the relative infre- 
quency with other types of aortic stenosis 
indicates that it is not a simple consequence 
of aortic obstruction. 


2. CLASSIFICATION 


All of the previously reported cases of 
supravalvular aortic stenosis may be clas- 
sified according to the system developed by 
Taybi and his co-workers: 


Type 1. Hypoplastic ascending aorta 

ta. Tubular narrowing of the en- 

tire ascending aorta 

1B. Narrowing more marked in the 
proximal region 
Normal or dilated ascending 
aorta with stenosis immedi- 
ately above the aortic valve 
leaflets due to an internally pro- 
truding circumferential ridge 
andor an externally detect- 
able narrowing of the aorta 
above the sinuses of Valsalva. 
Type mm. A thin membranous diaphragm 


3 PATHOLOGY 


Most cases fall in Taybi and co-workers 
Type tor u, with a definite localized area 
of narrowing just above the aortic valve 
and/or hypoplasia of the entire ascending 
aorta. Rarely, Type m1, consisting of a 
true Aigo ragni may be clinically signifi- 
can 
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According to Kreel et al, the local 
stenotic area in Ty pes | and ti is produced 
ky a ridge of connective tissue, of congen- 
izal origin, in which there is an overgrowth 
of elastic fibers. Study of the same area in 
normal hearts reveals that a small invag- 
ination of the aortic wall is normally pres- 
ent at the upper limit of the sinus of Val- 
salva. The supravalvular lesion may be a 
developmental exaggeration of this normal 

structure. Microscopically, the cireumfer- 
aa ridge has shown evidence of medial 
hypertrophy with focal disorganization and 
intimal fibrous proliferation. 

The pathology of this lesion has been well 
described by Perou.ot He has pointed out 
that “microscopically, aortic coarctation 
and supravalvular aortic stenosis are very 
smilar. The basic microscopic 
true supravalvular aortic stenosis seems 
to be an angulation and exaggerated in- 
folding with thickening and focal cisorga- 
nization of the media capped by a zone of 
intimal thickening or hypertr ophy showing 
various degenerative changes.” The area 
of medial thickening is composed primar- 
ily of collagen and hyalinized fibrous tissue 
with a varying amount of elastic tissue as 
well. In some areas, there may be disrup- 
tron of the elastic fibers. 
intimal abnormality are also present and 
in some areas it is difficult to recognize the 
intimal tissue proper while in others there 
mav be thickening due to fibrous prolifera- 
tion. At the base of the infolding, several 
lacunae may be visible, lined by flattened 
encothelial-like cells. Foci of necrosis, 
calcification and, rarely, round-cell in- 
filtration may also be seen in the protrud- 
ing, stenosing ring. The stenotic site may 
serve as a focus for bacterial endocarditis, 
the residual fibrosis leading to progression 
o? © narrowing and eventually cardiac failure. 
“his occurred in a case reported by Spencer 
and his co-workers." 

Abnormality of the aortic vaives is 
frequently associated with the supraval- 
valar lesion—-in 25 per cent of cases, ac- 
cording to Edwards.” The valves may be 
b:cuspid, and various degrees of thickening 
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and fibrosis of the leaflets can be present. 
The free edge of all or part of one or more 
cusps may form adhesions to the aorta at 
the site of stenosis, resulting in aortic in- 
sufficiency or partial to complete obstruc- 
tion of the involved coronary artery. 

The coronary arteries are usually 
markedly dilated and tortuous since they 
arise proximal to the stenosis and are per- 
fused at a high pressure head. According 
to Willams ef af., this high pressure may 
alow better toleration of the lesion than 
that noted when obstruction 1s at or below 
the valve. They point out, however, that 
the myocardial oxygen consumption and 
left ventricular hyper trophy increase in 
direct proportion to the systolic pressure 
load, making surgical relief of the obstruc- 
tion an eventual requirement for survival. 
Morrow ef al emphasize that subjecting 
the coronary arteries to such a high per- 
fusion pressure makes the prognosis rela- 
tively grave, since the additional coronary 
flow apparently does not compensate for 
the increased burden on the left ventricle. 
In the experience of Neufeld ez a/.,°* the 
intracoronary hypertension has led to 
marked thickening of the media associated 
with deposition of new elastic fibers in this 
area. Significant pathological changes have 
been found in the coronary vessels of pa- 
tients in the first decade of life.” A stenos- 
ing process similar to that in the aorta may 
be found in the pulmonary artery branches 
and in the brachiocephalic vessels. The 
pathologic changes in the segmentally 
narrowed pulmonary vessels show abun- 
dant fibrous intimal proliferation. Distal to 
the stenoses, some vessels are dilated, with 
loss of elastic fibers in the media, while 
others remain narrow due to continuation 
of the intimal thickening. 


4. CLINICAL FINDINGS 


History. Many patients are asymptoma- 
tic and are originally studied after detec- 
tion of a murmur. Symptoms, if present, 
may range from mild or moderate exer- 
tional dyspnea to angina pectoris and con- 
gestive heart failure. All 4 of our patients 
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had symptoms, including fatigue, shortness 
of breath, fainting, dizzy spells, and syn- 
cope. 

Eisenberg ef al.” have noted that all pa- 
tients whom he reviewed in 1964 were white 
and predominantly males. Although the 
age of patients varied from 7 to 68 years, 
the majority were in their teens. Mental re- 
tardation and physical underdevelopment 
are frequently found. Prematurity and low 
birth weight have been common but not 
consistent features, and failure to thrive 
has often been the only complaint. 

Physical Appearance. Several authors 
have noted a distinctive facial appearance 
of patients with supravalvular aortic steno- 
sis and mental retardation, ™ *- 9:10.28. 42.59:64, 6 
This is often so characteristic that a bed- 
side diagnosis can be made. 

Resemblance of these patients to one 
another and dissimilarity to their ewn 
family members are striking. The facial re- 
semblance seems derived largely from soft 
tissue similarity since no common abnor- 
malities were found in roentgenograms of 
the skull reviewed by Williams ez a/."' The 
face is usually full with a broad forehead, 
widely set eves, heavy cheeks, wide 
mouths, pouting lips, pointing of the chin, 
and prominent ears. The dental detects in- 
clude generalized hypoplasia of the teeth, 
particularly the upper, middle incisors, 
malformations of the deciduous molars, 
partial anodontia, and late mineralization." 
The mandible is hypoplastic, with a dis- 
parity in ramus size of the small horizontal 
and the large vertical rami. This is partially 
responsible for the peculiar facial appear- 
ance. 

The temperament of these patients is 
usually friendly and thev are active, happy 
and talk with a deep metallic voice 

Physical Examination. In aera ac 
supravalvular from other types of con- 
genital aortic stenosis, a few diagnestic 
clues are helpful: 

. A systolic ejection murmur and sys- 
tolic thrill are frequently louder in the neck 
and suprasternal notch than in the right 
first or second intercostal space, although 
not invariably. 
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2. None of our patients had aortic sys- 
tolic ejection clicks, nor are these reported 
by others. The aortic second sound is us- 
ually normal. Occasionally, the associated 
murmur of aortic insufficiency may be 
heard, indicating that one or more of the 
ee are involved in the deformity. 

3. Discrepancy in the pulses and blood 
ere in the arms may be noted due to 
associated obstructive lesions in the great 
vessels. 

Llectrocardiogram, The electrocardiogram 
does not offer any identifying characteris- 
tics. As in other types of valvular and sub- 
valvular disease, there may be very high 
pressure gradients and only a small degree 
of left ventricular preponderance, indicat- 
ing a poor relationship between degree of 
left ventricular hypertrophy and the pres- 
sure gradient. In some cases, associated 
mitral insufficiency and cardiomyopathy 
may also influence the electrocardiogram. 
Generally, a left ventricular or combined 
hypertr ophy pattern is identified, depend- 
ing upon the presence or absence of pulmo- 
nary stenoses. Three of our 4 patients had a 
left ventricular hypertrophy pattern, and 1 
had a normal electrocardiogram. 


§. ROENTGOERNOLOGIC FINDINGS 

Gross cardiac enlargement was not pre- 
sent in any of our cases, ek there was 

a slight increase in size in t. The left ven- 
tricle was somewhat nore in 2 cases, 
and the right ventricle was noted to be 
slightly enlarged in the case with multiple 
pulmonary branch stenosis. A striking find- 
ing was the absence of poststenotic dilata- 
tion in all cases, and the small size of the 
aortic knob. The lung fields were normal. 
Fluoroscopically, aortic pulsation was 
feeble. 

The absence of poststenotic dilatation 
serves as a useful, although by no means 
infallible, differentiating point from valvu- 
lar aortic stenosis. An analysis of 121 cases, 
in 7o of which roentgenograms were repro- 
duced or descriptions included, indicated 
that absence of a prominent ascending 
aorta and a small aortic knob were noted 
in Over gO per cent of cases. Sixty per cent 
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had slight to moderate cardiac enlarge- 
ment, and the remainder was normal. Dis- 
crete left ventricular enlargement or pro- 
minence was thought to be present in $7 per 
cent of cases. In to per cent, left atrial en- 
largement was also noted. Coincident right 
ventricular enlargement was apparent in 14 
per cent of cases, usually those with asso- 
ciated multiple branch stenoses. The irreg- 
ular “sausage-like’’ appearance of the 
central branches of the pulmonary arteries 
described in the presence of multiple 
branch stenoses was rarely recorded. This 
nedular, irregular vascular pattern is vis- 
ible in the para-hilar areas in some cases, 
and is produced by localized narrowing and 
poststenotic dilatation. 


H). CARDIAC CATHETERIZATION 

The physiologic findings in valvular, 
subvalvular, and supravalvular stenosis 
have been well described by Hancock. It is 
inyportant that the catheter side holes be as 
far distal in the catheter as possible when 
the stenotic segment is short. If the con- 
stmiction is well beyond the valve, three 
distinct pressure zones exist: (1) High vent- 
ricular systolic pressure; (2) similarly high 
proximal aortic systolic pressure; and (3) 
distal to the stenosis, an abrupt fall m sys- 
tolc pressure with relatively little change 
in diastolic pressure 

Catheter studies of the right heart may 
demonstrate pressure gradients across the 
stenotic pulmonary artery segments and 
elevated main pulmonary and right vent- 
ricular pressures. 


7, ANGIOGRAPHY 


Contrast study of the thoracic aorta is by 
far the best method of determining the 
presence, location, and degree of supraval- 
vular aortic stenosis. Our own approach is to 
utlize the percutaneous transfemoral Seld- 
inger method for catheter insertion, injec- 
ting a bolus of contrast agent in the root of 
the aorta with cine or large film recording. 
Maetion picture techniques are admirable 
for demonstrating the flow through the dis- 
tended coronary bed, and, in addition, they 
afford better delineation of aortic valve 
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motion. Associated lesions such as fusion of 
valve leaflets can readily be identified. At 
the time of thoracic aortography, pressures 
are obtained at the ventricular, supravalu- 
ular, and suprastenotic area. 

Preoperative study 1s essential in order 
to determine the presence or absence of 
hypoplasia of the aorta above the site of 
stenosis to allow the surgeon to plan his 
approach, and also to obtain some estimate 
of the operative risk. 

In all of our cases, the supravalvular nar- 
rowing was localized to the site just above 
the sinuses of Valsalva. In 2 instances, 
diffuse hypoplasia of the ascending aorta 
accompanied the stenosis. The sinuses of 
Valsalva were large, and gross dilatation of 
the coronary arteries was a prominent 
feature. The valve leaflets were normal. 
Similarly, no abnormalities of the pulmo- 
nary arteries were visible except in I in- 
stance, in which multiple pulmonary artery 
stenoses were found. 

Angiocardiographic studies were per- 
formed in 69 cases recorded in the litera- 
ture. In two-thirds of these, the injection 
was made into the left ventricle, and in the 
remaining one-third a supravalvular injec- 
tion was performed. A few patients were 
studied following injection into the right 
cardiac chambers. Cine-recording was em- 
ploved in one-quarter of cases, and large 
film recording in three-fourths. 

Left ventricular enlargement was noted 
in about 25 per cent of cases, whereas hy- 
pertrophy was rarely described, although 
obviously present in some cases. Abnormal 
limitation of movement of the aortic valve 
leaflets was apparent in 10 per cent of cases. 
The appearance of the aorta was very simi- 
lar in most cases, with a localized segment 
of narrowing immediately above the sinuses 
of Valsalva, or within 1-2 cm. beyond. 
Above the localized segment, the aorta was 
of normal size in 60 per cent of cases, hypo- 
plastic in 30 per cent, and dilated in fo per 
cent. In 3 cases, there was hypoplasia of the 
entire aorta, The stenosis was mild in 21 per 
cent, moderate in 56 per cent and severe in 
17 per cent. The length of the narrowed seg- 
ment varied between 0.5 cm. and 3.0 cm. 
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Fic. §. Brachiocephalic branch stenosis in supraval- 
vular aortic stenosis. Incidence and location in 22 
cases out of a total of 121 reported in the litera- 
‘ture. Figures in parentheses indicate incidence of 
stenosis of each vessel. 


Among 35 cases in which pulmonic stenosis 
coexisted, it involved branches on both 
sides in 57 per cent, one side in 20 per cent, 
the main pulmonary artery in 9 per cent 
and the pulmonic valve in 14 per cent. 


8. BRACHIOCEPHALIC BRANCH STENOSIS 


Occasional cases have been reported in 
which stenotic lesions have been observed 
in the brachiocephalic vesselg.1°-#:29,48.% 
Often, suspicion of such a finding was first 
evident when a pulse or blood pressure 
differential was noted during the physical 
examination. This was true of 2 of our own 
cages in which stenosis was evident. The 
fact that 3 of our 4 cases demonstrated 
some degree of narrowing of one or more of 
the branch vessels of the aortic arch 
strongly indicates that the incidence of this 
associated anomaly is higher than has been 
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reported. A review of 121 published cases 
showed a relatively small number of local- 
ized brachiocephalic lesions, but careful 
analysis of the roentgenographic illustra- 
tions indicated that some lesions were no 
alluded to.?8.%85 Furthermore, in many of 
the cases previously recorded in the litera- 
ture, bilateral upper extremity blood pres- 
sures were not reported, and may well have 
failed to reflect stenosis which was present. 

An analysis of the location of brachio- 
cephalic stenosis in supravalvular aortiz 
stenosis indicates the distribution shown in 
Figure §. 

Wooley et al.® have reported a series of 4 
patients, all of whom had pulse and blood 
pressure differences in the upper extrem- 
ities. Angiographic studies revealed a dis- 
crepancy in the size of the subclavian ar 
tery diameter on the side with the de. 
creased pulse or blood pressure, in spite cf 
the fact that local stenosis was not visible. 
Lurie and Mandelbaum“ suggested that 
anatomic stenosis may not always be neces- 
sary, since turbulence beyond the area cf 
supravalvular stenosis may result in inter- 
conversion of vascular potential and kinetic 
energy, leading to the asymmetrical phys - 
cal findings. Others have supported this 
point of view. 

The pathologic changes in the branch 
stenotic lesions have not been studied in 
detail. Edwards has reported I case in an 
I1 year old patient showing gross thicker- 
ing of the media with associated narrowing 
of both the left common carotid and innom- 
inate arteries. These findings must be dis- 
tinguished from such lesions as Takayasu's 
arteritis, which is characterized by chron-c 
progressive inflammatory change leading to 
fibrosis and thrombosis, with eventual 
obliteration of the vessel lumen.* Athero- 
matous plaques and secondary calcificaticn 
may obscure the pathological differences in 
the final stages. In Takayasu’s disease, 
changes have been reported in other vessels 
such as the abdominal aorta and peripheral 
arteries. Stenotic lesions of vessels oth=r 
than the aorta, the brachiocephalic, and the 
pulmonary vessels should also be careful_y 
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sought in patients with supravalvular 
act tic stenosis. 


J. SURGICAL MANAGEMENT 


The surgical approach to supravalvular 
aortic stenosis has recently been reviewed 
by several authors.'6'8.40-63.58 ‘The pecom- 
mended technique includes a linear aorto- 
tomy through the stenotic area and into the 
nencoronary sinus. Following this, a dia- 
mond or teardrop-shaped teflon prosthesis 
is sutured in place. At surgery, the stenosis 
may be much more severe than is observed 
on the exterior aspect of the aorta due to a 
massive fibrotic ring impinging upen the 
aortic lumen. The presence of valvular de- 
formities makes surgery more difficult and 
hazardous. Excellent 3 vear postoperative 
results have been demonstrated angio- 
graphically by Nordstrom and Silander.” 
In the presence of a significant gradient, 
surgical therapy is indicated and may be ex- 
pected to be highly successful. 

Although complications may arse in 
these cases with peripheral pulmonary ar- 
tery stenosis, such as hemorrhage from the 
dilated poststenotic segments follewing 
arteritis or necrotizing lung infection, sur- 
gery has generally not been feasibie, to 
date. 


SUMMARY 


Supravalvular aortic stenosis is fre- 
quently associated with other congenital 
abrormalities such as pulmonary artery 
branch stenosis, unusual facies, retarded 
physical development, abnormal dent:tion, 
and mental retardation. Stenosis of the 
origins of the brachiocephalic vessels. may 
be found in a significant percentage of 
cases. Its presence should be suspected 
when asymmetrical pulses or blood pres- 
sures in the upper extremities are found on 
physical examination, and may be verified 
by thoracic aortography. 

Among the 4 new cases of supravalvular 
aortic stenosis reported herein, 3 had 
brachiocephalic vessel stenosis. All were 
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pressure measurements, with surgical con- 
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firmation and successful surgical therapy 
In 3. 
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CATHETER POSITION: AN AID IN DIAGNOSIS OF 
DISSECTING ANEURYSM OF THE 
THORACIC AORTA* 


By GLEN G. CRAMER, M.D.,f and KURT AMPLATZ, M.D.f 


MINNEAPOLIS, MINNESOTA 


N MOST cases, the diagnosis of a dis- 

secting thoracic aneurysm can be clearly 
established by aortography. In some in- 
stances, however, particularly in dissecting 
aneurysms of some duration, it may be 
dificult to distinguish the true from the 
false channel, angiographically thus having 
the appearance of a normal aorta. Under 
these circumstances, the position of the 
catheter during the injection of contrast 
medium proved to be most important in 
establishing the correct diagnosis. 

In 1 of our patients who underwent aortic 
valve replacement for aortic insufficiency, 
an old dissecting aneurysm was found at 
the time of surgery which had not been 
recognized preoperatively. A review of the 
retrograde aortogram showed a markedly 
dilated ascending aorta with a wide annu- 
lus and aortic insufficiency quite character- 
istic of Marfan’s syndrome. The entire 
aortic arch opacified uniformly and si- 
multaneously with a false channel (Fig. 1), 
which was not appreciated. On review of 
the aortogram, it was noted that the cathe- 
ter did not hug the outer wall during the in- 
jection, which should have suggested the 
correct diagnosis. An identical observation 
made in an additional patient warranted 
this report (Fig. 2). 


DISCUSSION 


A dissecting aortic aneurysm is one of the 
primary differential diagnostic considera- 
tions in patients presenting with severe 
chest pain. The dissection occurs most 
commonly at the following sites: low in the 
ascending aorta just above the posterior 
aortic valve cusps near the left coronary 





ic. 1. Lateral aortogram showing diffuse dilatation 
of the ascending aorta consistent with cystic 
medial necrosis. Note film exposed during injection 
as indicated by contrast medium being ejected 
from the catheter tip (single arrow). Separation of 
catheter and distal aortic arch indicating dissec- 
tion (multiple arrows). 


artery and just distal to the origin of the 
left subclavian artery.'** The dissect- 
ing intramural hematoma invariably pro- 
gresses in a centrifugal manner in the 
region of the aortic arch. The hematoma, 
therefore, lies superiorly in the mid arch 
and posteriorly and to the left in the distal 
aortic arch (Fig. 3). In the region of the 
descending thoracic aorta and abdominal 
aorta, the dissection is also most commonly 
found posteriorly and to the left, with a 


* This study is supported in part by U. S. Public Health Service Grant HE (5-T1) 5222-09. 

+ Formerly, Cardiovascular Trainee, Department of Radiology, University of Minnesota, Minneapolis, Minnesota. Present Address: 
Director, Cardiovascular Radiology, St. Joseph’s and Porter Hospitals, Denver, Colorado. 

t Associate Professor of Radiology, University of Minnesota Hospitals, Minneapolis, Minnesota. 
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higher incidence of dissection into the left 
renal artery and left iliofemoral system. 
The reason for progression of the dissecting 
hematoma along the superior posterior 
contour of the aortic arch is not definitely 
known but very likely related to the simple 
physical principle of preservation of mo- 
meatum (Fig. 4). The same physical prin- 
ciple is also responsible for straightening of 
the catheter along the greater curvature of 
the aorta during the injection of contrast 
medium since the flow tends to progress in a 
straight direction. 

In order to evaluate this phenomenon, 
catheters of various designs were placed 
into a curved polyvinyl tube simulating the 
aortic arch. During the injection of contrast 
medium with a power injector, the catheter 
invariably rose to the greater curvature of 
the simulated aorta (Fig. 54) and resumed 
its eriginal position after completion of the 
injection (Fig. 5B). The momentum of the 
bolus, injected with pressures commonly 
used in aortography, tends to straighten 
the curvatures of the catheter, as is known 
from well established laws of hydrody- 
namics. 

In order to check the validity of this 





Frs. 2. Lateral aortogram showing wide separation of 
catheter and aortic contour in the posterior arch 
(arrows), being diagnostic of large dissection pro- 
vided film is exposed during the injection phase. 
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liG. 3. Same patient as in ligure 1. Explanatory 
diagram showing the invariably posterior location 
of the dissecting hematoma in the posterior aortic 
arch. 


phenomenon in clinical cases, 100 aorto- 
grams of patients without dissecting aneu- 
rysms were reviewed and the measured dis- 





Fic. 4. Diagram showing areas of thoracic aorta to 
which forces of momentum are directed and coin- 
ciding with the common routes of dissection. 


lic. §. (4) Lateral roentgenogram of aortic phantom 
during injection of contrast medium. Catheter 
seen to closely hug outer wall. (B) After eomple- 
tion of injection, catheter falls away from outer 
surface. 


tance between the catheter and the inner 
margin of the posterior aortic arch on the 
lateral film studies during the injection was 
2mm. and did not exceed 4 mm. In rare 
instances of ectasia or coarctation of the 
aorta (Fig. 6), the catheter position cannot 
be relied upon. Furthermore, only aorto- 
grams in lateral projection during the 
power injection of contrast medium can be 
used, since the catheter tends to fall away 


from the aortic wall following completion of 


the injection. 

The angiographic appearance of dissect- 
ing aneurysm may vary considerably de- 
pending upon the degree of blood flow in 
the dissecting hematoma. In dissecting 
aneurysms which have not re-entered or 
where re-entry into the true lumen is small, 
blood flow in the false channel may be ab- 
sent or very slow. This results in a typical 
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angiographic appearance with nonopacifi- 
cation of the false channel on early film 
studies and more or less good visualization 
of the false channel on delayed films. The 
differential contrast density in the true 
channel as compared to the false channel is 
usually quite striking and has been well 
discussed in a recent paper on this subject 
by Eyler and Clark.? In patients with 
“healed” wherein re-rupture 
and complete endothelialization of the false 
channel has occurred resulting in a “double 
barrel” or “triple barrel” aorta, blood flow 
in the true and false channel may be of al- 
most equal rate. Consequently, there may 
be immediate opacification of both channels 


dissections 





liG. 6. False separation of catheter and aortic margin 
due to the presence of coarctation (arrow). Note 
also bicuspid aortic valve. 
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which are separated only by the dissected 
media. If the dissected media is very thin as 
in cystic medial necrosis, the angiographic 
diagnosis of dissecting aneurysm may be 
extremely difficult because the very thin 
dissected media is usually visualized only as 
a Ane radiolucent membrane, thus being 
easily overlooked. The unusual position of 
the catheter during the injection of contrast 
medium as seen on the lateral aortogram, 
however, is invariably present and the 
dizgnosis can be firmly established. 


SUMMARY AND CONCLUSION 


in cases of recent dissecting aneurysms, 
bleod flow in the false channel is markedly 
slowed, thus resulting in nonopacification 
or delayed contrast opacification ef the 
dissecting hematoma. Dissecting aneurysms 
which have re-ruptured into the true tumen 
or so-called “healed” dissecting aneurysms 
may have a “double barreled” aorta with 
two or sometimes three endothelral lined 
channels. The speed of blood flow in various 
channels may be almost equal, resulting in 
simaultaneous opacification of the true and 
false channels and giving the erroneous 
angiographic appearance of a normal aorta. 
The dissected media may be very thin, 
particularly in patients with cystic medial 
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necrosis of the aorta. Under those circum- 
stances, the unusual position of the cathe- 
ter during the injection of contrast medium 
may be the only diagnostic clue, as ob- 
served in 2 of our patients. The reliability 
of this sign was studied in a model and 
evaluated in 100 lateral aortograms. The 
distance between the catheter and the inner 
border of the superior and distal aortic arch 
as seen on the lateral film study was mea- 
sured as 2 mm. and did not exceed 4 mm. 
The sign is only valid on lateral aortograms 
during the period of injection. 


Kurt Amplatz, M.D. 

Department of Radiology 
University of Minnesota Hospitals 
Minneapolis, Minnesota 
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CALCIFIED AND DILATED ASCENDING AORTA DUE 
TO ATHEROMATOUS OCCLUSIVE DISEASE 
SIMULATING COARCTATION OF 
TRE AORTA 
A REPORT OF A CASE 


AND 
THEORY OF PATHOGENESIS 


By ISRAEL STEINBERG, M.D.+ 


NEW YORK, NEW YORK 


ECAUSE of its unusual nature, a 

patient with a calcified and dilated 
ascending aorta due to atheromatous oc- 
clusive disease and simulating coarctation 
of the aorta is reported and a theory of the 
pathogenesis of the case is presented. A 
similar case was reported recently by 
Munasinghe and Rajasuriya.® 


REPORT OF A CASE 


A 21 year old Caucasian woman (N.Y.H. 
No. 608983) referred by Dr. Horace S. Baldwin, 
was admitted on September 10, 1951, with a 
complaint of high blood pressure. Two years 
prior to admission, while being examined for 
painless enlargement of lymph nodes (eventu- 
ally diagnosed as infectious mononucleosis), the 
blood pressure had been 170/80, and 2 months 
prior to admission it was 190/80 mm. Hg. The 
patient had had recurrent bilateral headaches 
associated with sinusitis up to the age of 14 
years; during the past 7 years these had sub- 
sided. Rhinitis, worse in the fall, was her only 
other complaint. 

Physical examination showed a well de- 
veloped and well nourished woman in no dis- 
comfort. Her weight was 132 pounds and her 
height, 5 feet, 8 inches. The lungs were clear. 
The heart was not enlarged. A systolic murmur 
of moderate intensity was heard over the entire 
precordium, loudest at the second intercostal 
space along the left sternal border. The femoral 
pulses were diminished. Intercostal and inter- 
scapular arterial pulsations were not evident. 
The blood pressure in the extremities was: 
right arm, 165/65; left arm, 170/65; right leg, 
108/75; and left leg, 140/80 mm. Hg. Both feet 
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lic. 1. Teleroentgenogram of the chest showirg 
marked calcification of the <scending aorta and 
arch (arrow). The left ventricle is also slight y 
enlarged. 


were cool and had diminished pulses. Lymphac- 
enopathy was not found. The electrocardiogram 
showed normal sinus rhythm, rate of 88 per 
minute, and no deviation of the electrical axis. 
Urinary and blood studizs were normal. 
Serologic tests for syphilis were negative. 
Roentgenograms of the chest demonstrated 
rounding of the left border of the heart, marked 
calcification and dilatation of the ascendir g 
aorta, a small aortic arch, and narrowing ard 
calcification of the descendirg aorta just belew 
the arch (Fig. 1 and 2). Angiocardiograms made 
on September 13, 1951, showed normal cardio- 
vascular structures except for slight enlarge- 


* From the Departments of Radiology and Medicine, The New York Hospital—Cornell Medical Center, New York, New York. 
Aided by a grant from The Health Research Council of the City of New York under contract U-1648. 
t Recipient of Career Scientist Award of The Health Research Council of the City of New York under contracts I-258 and U-1648. 
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ment of the left ventricle, dilatation of a calci- 
fed ascending aorta, and narrowing of the 
descending aorta below the left subclavian ar- 
tery (Fig. 3). The ascending aorta measured 40 
mm. in diameter (upper limit of norma! is 38 
mm.), the area beyond the origin of the left 
subclavian artery measured 7 mm., and the 
descending aorta was 25 mm. The ascending 
aortic calcification ended at the arch and did not 
involve the descending thoracic aorta. There 
were no collateral arteries. 

Simultaneous and direct arterial blood pres- 
sure determinations showed: left brachial ar- 
tery, 180; left femoral artery, 110 mm. Hg. 
Abdominal roentgenograms did not reveal cal- 
eification. Abdominal aortograms and pyelo- 
grams showed normal kidneys and collecting 
system. Operation was not advised and the 
patient was discharged on September 24, 1951. 

A communication from Dr. Albert A. Kattus, 
jr. on March 27, 1958,* related that the patient 


. 


had been operated on at the University of 





lic. 2. Lateral roentgenogram of the chest shews to 
advantage the dilatation and marked calcification 
of the entire ascending aorta. The aortic arch and 
the top of the descending aorta are also calcified. 
Note the narrowed lumen of the descending aorta 
(arrow). 


Calcified and Dilated Ascending Aorta 





Left anterior oblique angiocardiogram made 


Pic. $ 
in 1951 shows the dilated ascending aorta and 
narrowed descending aorta just beyond the origin 
of the left subclavian artery (arrow). Note that 
the internal mammary arteries are of normal size 
and that other collateral arteries are absent. 


California Medical Center, Los Angeles, Cali- 
fornia. Subsequently, in 1959, her case was 
published. She had been admitted to the Uni- 
versity of California Hospital in October, 1957, 
complaining of high blood pressure which 
measured 240/70 ın the arms and 110/75 mm. 
Hg in the legs. The femoral pulses were barely 
palpable. A blowing systolic (Grade 4) murmur 
was heard over the precordium and was trans- 
mitred into the neck and axilla. An early diastol- 
ic (Grade 2) murmur was audible along the left 
sternal border in the fourth interspace. The 
electrocardiogram showed left ventricular hy- 
pertrophy. The roentgenogram of the chest 
showed moderate enlargement of the heart and 
dilatation and severe calcitic atherosclerosis 
of the ascending aorta with narrowing of the 
descending aorta beyond the subclavian artery. 

On January Io, 1958, thoracotomy and ex- 
ploration of the thoracic aorta revealed a dilated 
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calcified ascending aorta which began at the 
aortic valves and reached 1 cm. distal to the 
subclavian artery. There was narrowing of the 
descending aorta to one-third of its proximal 
diameter at that point with only a faint pulsa- 
tion distally. Aortotomy I cm. beyond the 
origin of the left subclavian artery revealed 
stenosis with almost total obstruction of the 
aortic lumen by atheromatous calcific deposits. 
The obstructing calcified material was resected 
for a short distance, leaving a lumen of 1.5 to 
2.0 cm. in diameter. Because the endarterec- 
tomy segment was very thin, the aortotomy 
. was resutured and reinforced with an aortic 
homograft.’ After surgery, simultaneous blood 
pressures of the arms and legs were 250/78 and 
245/80 mm. Hg, respectively. One year post- 
operatively, the blood pressure of the arm was 
158/54 and in the leg it was 180/100 mm. Hg. 

Recent communication on September 28, 
1965, with Dr. Albert A. Kattus, Jr., disclosed 
that the patient had had yearly examinations 
since 1958, the last one very recently. Two 
years ago she had had mild congestive heart 
failure which was alleviated by diuretic therapy. 
In the same year, she had symptoms of basilar 
artery insufficiency with slight visual aberra- 
tions and paresthesias of the inside of the 
mouth. Angiography demonstrated the left sub- 
clavian steal syndrome." This was attributed 
to constriction of the left subclavian artery at 
its origin, secondary to clamping at the time of 
surgery.® She has been asymptomatic during 
the past year. Treatment has included digitalis, 
low salt diet, and an occasional dose of a diuret- 
ic drug. She has been able to do her housework 
which included the care of her children. Physi- 
cal examination showed gross insufficiency of 
the aortic valve; the blood pressure in the arms 
was 190/80 mm. Hg. 


DISCUSSION 


Because of the unusual dilatation and 
calcification of the ascending aorta and 
absence of collateral arterial vessels, the 
diagnosis of ordinary (congenital) coarcta- 
tion of the thoracic aorta was questioned 
following angiographic studies at this 
center in 1951. Despite this, 4 years later, 
she was included among a series of patients 
who were listed with contraindications to 
surgical therapy of coarctation of the 

aorta.!° Operation was believed to be inad- 
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visable because of the severe atheromatous 
disease of the aorta. Seven years later, 
after persistence of hypertension and the 
development of aortic insufficiency, aortot- 
omy at another hospital disclosed calcified 
atherosclerotic thrombotic disease severely 
occluding the aorta below the origin of the 
left subclavian artery.’ Six years later, the 
aortic insufficiency and hypertension per- 
sisted. A bout of heart failure, cerebral in- 
sufficiency, and subclavian steal syndrome 
suggest progression of the disease. 

Atheromatous thrombotic occlusive dis- 
ease of the descending aorta is not as com- 
mon as abdominal thrombotic occlusive 
disease.@4? Usually, the latter occurs in 
middle-aged patients. In recent years, 
however, many reports of premature ather- 
omatous disease of the thoracic aorta, oc- 
curring especially in young women, have 
appeared in the literature.?»74 Takayasu!’ 
in 1908 called attention to occlusive aortic 
arch disease (pulseless disease) in Japanese 
women and, since then, other cases in 
Orientals? and also in Caucasians in both 
men and women have been reported.? In 
these cases the calcifications were usually 
limited to the aortic arch and histologically 
had the appearance of arteritis. 

Gross? in 1945 and Smith eż a/3? in 1965, 
in reporting gangrene of the extremities in 
the newborn and infants, raised the possi- 
bility of emboli derived from closure of the 
ductus arteriosus playing a role in the dis- 
ease. Can it be that such a mechanism initi- 
ates atheromatous occlusive disease begin- 
ning in the infundibulum of the aorta? It is 
conceivable that instead of the calcific 
plaque in the aorta that Dalith* has de- 
scribed at the site of the closure of the 
ductus, the thrombus continues to grow, 
attracts more clot causing atheromatous 
and arteritis changes,! and, finally, occludes 
the lumen of the aorta producing the signs 
of coarctation of the aorta and hyperten- 
sion. Just as patency of the ductus arteriosus 
predominates in the female sex, so does 
atheromatous occlusive disease of the 
descending aorta occur predominantly in 
young women.? 
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SUMMARY AND CONCLUSIONS 


The case of a 21 year old woman with 
hypertension, calcification, dilatation of 
the ascending aorta, and partial ocelusion 
of the descending aorta just beyond the left 
subclavian artery simulating congenital 
coarctation of the aorta is described. 
Aortotomy, 7 years later at the age of 28 
vears, revealed occlusion of the aorta due 
to calcified atheromatous thrombus. Within 
a 5 year period, extension of the disease 
into the aortic arch vessels probably caused 
basilar arterial insufficiency and the sub- 
clavian steal syndrome. To explain this 
phenomenon, it is theorized that instead of 
thrombosis, healing, and closure cf the 
ductus soon after birth, the thrombus is 
prepagated into the lumen of the aorta, 
attracts more clot, atheromatous material, 
and eventually causes premature throm bot- 
ic occlusive disease of the aortic arch and 
descending aorta. 

Department of Radiology 

The New York Hospital--Cornell Medical Center 
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New York, New York 10021 
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ATHEROSCLEROSIS IN THE RABBIT VISUALIZED 
BY CARDIOVENTRICULOGRAPHY 
AND SUBTRACTION* 


By CHARLES P. OLINGER, M.D. 


CINCINNATI, OHIO 


URING participation in a national 

co-operative study of cerebral vascu- 
lar disease, arteriographic investigations 
showed the diffuse nature of the athero- 
sclerotic process. Vascular surgery proved 
useful in some patients, but it became ap- 
parent that ultimate success in preventing 
strokes and other complications from ath- 
erosclerosis would stem from basic research 
into the prevention or regression of the 
atherosclerotic process. Rabbits have been 
used to study the effects of diets, drugs and 
procedures on atherosclerosis,” but until 
now it has been necessary to sacrifice the 
animals in order to carry out the investiga- 
tions. 

A safe, simple, repeatable, left cardio- 
ventriculography technique for demon- 
strating the patterns of atherosclerosis in 
rabbits has been devised. Previous investi- 
gators have used this technique in man and 
in animals with few complications. +" Sub- 
traction techniques, originally developed 
by Ziedses des Plantes,’ were applied to our 
experimental angiography to enhance the 
details (Fig. 1, 7 and B; and 2, 4 and B). 

With these techniques, excellent visuali- 
zation was obtained of plaques in the aorta 
and its branches, and the carotid and sub- 
clavian arteries (Fig. 3; 4; and s). In addi- 
tion, poststenotic dilatations were observed 
(Fig. 3 and 4), as well as uncoilings of the 
aorta (Fig. 6). Arteriograms in normal 
rabbits failed to show these changes. 

In the present work “plaques” will be 
referred to as “atherosclerotic” without 
any implication that the condition in 
rabbits is the same as in man.’ However, 


the uncoilings of the aorta, the dilatation of 


* From Department of Neurology, University of Cincinnati Coll 


vessels, and the stenoses seen in the rabbit 
appear to be like those in man. 


ANIMAL PREPARATION 


Rabbits were chosen for this investiga- 
tion because they commonly are used in the 
study of atherosclerosis and because they 
are available in large numbers, are easy to 
handle, and are inexpensive. Twenty New 
Zealand white rabbits were used, evenly 
divided as to sex, and averaging 2,000 gm. 
each at the beginning of the study. 

In developing the left cardioventriculog- 
raphy technique, 10 control rabbits were 
subjected to 75 studies over a 1 year period. 
After the technique was mastered, it was 
applied to 10 cholesterol-fed rabbits during 
the next year. 

A 2 percent cholesterol diet was prepared 
with crystalline cholesterol* dissolved in 
ethyl ether. The ether solution was mixed 
with Albers Rabbit Family Ration? and 
allowed to evaporate, leaving cholesterol- 
impregnated pellets. The control rabbits 
received Albers Rabbit Family Ration ad 
fib. throughout the investigation, 


ANESTHESIA 


The rabbits were given pentobarbital 
sodium (nembutal), 40 mg. per kg. body 
weight by intraperitoneal injection. Open 
ether was then supplemented, if additional 
anesthesia was needed prior to arterio- 
graphic injection, to prevent response to 
painful stimuli. The success of the subtrac- 


* Nutritional Biochemical Corporation, Cleveland, Ohio, 
+ Albers Milling Company (Division of Carnation Company), 
Los Angeles, California, 


ege of Medicine, and Cincinnati General Hospital, Cincinnati, Ohio. 
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Fic. 1. (4) Normal rabbit. Anteroposterior view. (B) Subtraction of 4 demonstrating removal of 
bone shadows to outline vessels. CC = common carotid: V = vertebral, 


tion technique depends on the subject being 
as motionless as possible during the pro- 
cedure. 


ROENTGEN TECHNIQUE 


Equipment consisted of an Elema- 
Schonander film changer with a 14X14 
inch film and a 12:1 grid; rate of exposure 
was 4 frames per second for 3 seconds. Ex- 
pasures were set between 70 to 80 kv. peak 
of 100 ma. for 0.1 second. Film focus dis- 
tance was 36 inches; focus size was 1.2 X1.2 
mn. Scout roentgenograms were always 
taxen to check roentgenographic settings. 
Cening was used to reduce scatter radiation 
and to increase sharpness of detail. If avail- 
able, a smaller focal spot with 3-phase 
equipment would increase detail and allow 
for magnification. 


Serial study allowed constant visualiza- 
tion of the arterial system. However, a 
single injection could be done and would 
provide excellent detail of vessels if the 
timing of the injection was right. 

It was necessary to take roentgenograms 
at ditterent angles in order to view plaques. 
A plaque on the posterior wall frequently 
would not show in an anteroposterior view, 
but narrowing of the contrast medium 
column by plaque could be seen in a lateral 
or oblique view. 


TECHNIQUE OF LEFT 
VENTRICULAR PUNCTURE 


The rabbit was taped in a supine position 
on the roentgenographic table. The chest 
was centered. The xiphoid process was 
located by palpation and a small area was 
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cleaned with alcohol. A 235 inch, No. 19 
needle was connected to the male adapter 
of a 20 inch venotube (Abbott Company). 
The needle tip must be sharp and the edges 
of the tip rounded. The sharp point allows 
immediate penetration of the heart without 
major displacement. The rounded edges 
prevent laceration of the myocardium.’ A 
ro cc. syringe was connected to a Luer-Lok, 
3-way stopcock, which then was attached 
to the female adapter of the venotube. The 
venotubing was filled with isotonic saline, 
freed of all air and closed by turning the 
stopcock. All connections were tightened 
prior to injection to prevent leakage of air 
into the system and to avoid possible sep- 
aration of the injection assembly. 

The needle and tube system was held 
with the right hand and the xiphoid process 
was palpated with the index finger of the 
left hand. The needle was inserted under 
the skin between the junction of the last 
right costal cartilage and the xiphoid pro- 
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iic. 2. (4) Normal rabbit. Lateral 
view of same rabbit as in Figure 1, 
A and B. (B) Subtraction of 4 
showing increased detail of intra- 
cranial and vertebral vessels. CC = 


common carotid;  [C=internal 


carotid. 


cess. The venotube was then opened to per- 
mit immediate observation of entry into 
the ventricle. The needle was directed un- 
der the sternum toward the tip of the left 
shoulder and angled down 35 degrees. The 
needle was pushed toward the diaphrag- 
matic surtace of the heart until ventricular 
pulsations were felt against the needle tip. 
The needle then was advanced rapidly 5 
mm. further. The appearance of bright 
oxygenated arterial blood in the venotube 
and a pulsating needle was evidence that 
the needle tip was in the left ventricular 
chamber. If dark unoxygenated blood was 
seen and the pulsation was weak, the right 
ventricle had been entered by mistake and 
the needle was withdrawn and redirected 
toward the left. 

In the early studies, fluoroscopy with an 
image intensifier and mirror (Picker Com- 
pany) was used to determine the location ot 
the needle. Once the left ventricular punc- 
ture technique was mastered, fluoroscopy 
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was omitted. Needle placement also could 
be determined by a small injection of con- 
trast medium and exposure of a single film 
with the needle still in place. 

If the blood flow was slow or absent in 
the tubing, the needle was elevated or de- 
pressed to attempt to establish dow. If the 
puncture was still unsuccessful, the needle 

ras withdrawn slowly and a second punc- 
ture was attempted. Only 2 attempts were 
made for each rabbit on any day to prevent 
excessive trauma. When flow was estab- 
lished, 1 to 2 cc. of isotonic saline solution 
wis injected intermittently to prevent 
cletting, eliminating the need for heparin. 





lIc. 3. Cholesterol-fed rabbit. Lateral view. Dilata- 
tron of the ascending aorta and irregular thoracic 
aerta; stenosis of the inferior mesenteric artery 
with post-stenotic dilatation. CC =common 
carotid; [C=internal carotid. 
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FIG. 4. Subtraction of Figure 3 with insert showing 
magnification (X2) of the stenotic mesenteric 
artery. CC = common carotid. 


The system was filled with contrast me- 
dium, 50 per cent diatrizoate sodium (hy- 
paque).* Rapid injection of 2 mm. of hy- 
paque per kg. of body weight was made 
manually. The Elema-Schonander serial 
changer was started prior to injection of 
contrast medium, usually providing 4 scout 
films and 8 arteriographic films for sub- 
traction studies. 

It a successful puncture was made, the 
needle was left in place until the films were 
developed and examined, in case a repeat 
injection was necessary. The needle could be 
left in place as long as 30 or 40 minutes with- 
out any increase in morbidity or mortality. 
If the rabbit showed excessive movement 
during injection, the needle was removed to 


* The author wishes to thank Winthrop Laboratories for sup- 
plying diatrizoate sodium (Hypaque). 





lic. 5. Cholesterol-fed rabbit. Lateral view. Nar- 
rowing of the right common carotid artery and 
stenosis at the origin of the left subclavian artery 
(see Fig. 7, Æ, Band C). 


prevent laceration of the myocardium. As a 
rule, the procedure was performed rapidly 
and the animal was sent back to quarters as 
soon as possible. 

Prior to any injections, between ın- 
jections, and at the end of all studies, the 
rabbit was examined by stethoscope for 
congestion, cardiac irregularities, and car- 
diac tamponade. 

Anteroposterior serial roentgenograms 
were taken first. The animal then 
turned carefully on its side for lateral serial 
studies. This maneuver was done quickly, 
easily and without complications. 

Initially, pneumothorax, pneumoperi- 
cardium, and hemopericardium occurred 
but as the technique was refined, these com- 
plications did not occur. In 2 animals, con- 
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trast medium was injected into the myo- 
cardium, and in 1 animal the injection was 
made into the pericardium. These compli- 
cations were infrequent and were of minor 
significance. Danger of puncturing the 
coronary artery proved to be minimal with 
this procedure. 

The technique can be performed by any- 
one familiar with the procedure of with- 
drawing blood from the heart. 


POSTMORTEM STUDIES 


Postmortem studies were done on all 
rabbits. One of the early rabbits had a 
needle laceration of the coronary artery 
with a large clot in the pericardial cavity. 
Several animals died after repeated ven- 
tricular punctures on the same day. In these 
rabbits puncture sites were noted on the sur- 
face of the left ventricle, well lateral of the 





‘ic. 6. Cholesterol-fed rabbit. Anteroposterior view. 
Marked uncoiling of the aorta and kinking of the 
thoracic aorta are demonstrated. 
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Fic. 7. (4) Cholesterol-fed rabbit. Gross specimen (see Fig. 5). Mottled white area on anterior left ventricular 


wall is site of previous left ventricular punctures. There is dilatation of the ascending aorta with narrow- 


ings of subclavian and common carotid arteries. (B) Acventitia removed from the aortic arch. Plaques 
extend from the arch into the innominate, left common carotid, and left subclavian arteries. (C) Aortic 
arch everted to demonstrate cobblestone appearance of the aortic intima. Vessel wall is thickened. CC = 


common carotid: S=subclavian; [=innommate. 


coronary artery. Puncture sites could not 
be located with certainty when rabbits were 
studied weeks after the injections. In a few 


rabbits there were scars on the surtace ot 


the heart (Fig. 74). (The rabbit in Figure 
+ Ap ande 
Figure 5.) 

The heart, the aorta, and the tributary 
vessels, were examined totallv, with the 
exception of the intracranial vessels and the 
vertebral arteries that were encased in bone. 
Plaques were found only in the cholesterol- 
fed rabbits and were concentrated, 1n vary- 


is the same rabbit as in 


ing degrees, in the ascending aorta, the 
aortic arch, the innominate artery, the 
common carotid and the internal carotid 
arteries, the subclavian and vertebral 
arteries, and in branches of the descending 
aore (Fig. 7, 4,6 and C). 

Severe plaques always were noted in the 


autopsied vessel if arteriographic studies 
showed local narrowing, poststenotic dila- 
tation, or irregular contour of a vessel (Fig. 
7,4, BandC). 

In all the cholesterol-fed rabbits, post- 
mortem studies revealed fatty livers, pale 
kidneys, and enlarged and whitish spleens. 
In some rabbits the irises contained dense 
radial cholesterol deposits, some had xan- 
thomas of the extremities, and others had 
vellowish discoloration of the skin with 
severe hair loss over the anterior chest wall 
and abdomen. 


DISCUSSION 
Most investigators have sacrificed their 
animals at different stages to determine the 
effects of various agents or diets on preven- 
tion or regression of atherosclerosis. Left 
cardioventriculography provides an objec- 
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tive means of assessing the atherosclerotic 
process as it progresses in living rabbits. It 
should permit evaluation of anti-athero- 
sclerotic agents or diets in reversing or 
holding the process, without sacrificing the 
animals, and without the need for catheteri- 
zation or surgical procedures. At the pres- 
ent time, sequential studies of cholesterol- 
fed rabbits are being done by selective 
catheterization of individual vessels to de- 
termine whether or not smaller plaques can 
be detected earlier.! 

Left cardioventriculography also pro- 
vides good visualization of the arterial tree, 
including the cerebral and peripheral vas- 
cular systems. It can be used for the in- 
vestigation of pathophysiologic states in 
renal, gastric or tumor circulations. Pul- 
monary circulation can be studied by 
changing the angle of the needle insertion so 
that it enters the right ventricle. 


SUMMARY 


A simple technique of left cardioventric- 
ulography was developed to provide a 
reliable method for sequential studies of 
atherosclerosis in the rabbit. A subtraction 
technique, used to remove obscuring bone 
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structures, enhance contrast detail and 
outline changes in vessels, was employed. 


Stroke Clinic 
Cincinnati General Hospital 
Cincinnati, Ohio 45229 
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DIVERSION OF THE INFERIOR VENA CAVA INTO 
THE LEFT ATRIUM FOLLOWING ATRIAL 
SEPTAL DEFECT CLOSURE* 





By TOM W. STAPLE, N 
and BRENT M. 


St, LOUIS, 





I T diversion of the venae 
4 cavae into the left atrium is an uncom- 
men complication of atrial septal defect 
repair. The tollowing cases illustrate the 
preblems created by this type of rigat-to- 
lef: shunt. 


NADVERTENT 


REPORT OF CASES 


Case i. A 38 year old white woman was first 
seea in Barnes Hospital in April, 1959 with 
she-tness of breath of 3 years’ duratiom The 
blood pressure was 115/70 mm. Hg. Cardiac 
auscultation revealed a Grade ut harsh systolic 
ejeetion murmur in the pulmonic area. The 
hemoglobin was 15.5 gm. per 100 ml. Roent- 
agen graphy of the chest demonstrated cardio- 
megaly with right ventricular enlargement and 
pulmonary vascular engorgement (Fig. 14). 
Cardiac catheterization and angiography were 
perormed on April 6, 1959. The catheter easily 
entered the left atrium from the right atrium. 
Rigat ventricular pressure was 30/0 mm. Hg. 
Oxygen sampling indicated a moderate le*t-to- 
swhe shunt at the atrial level and a left atrial 
sarciac angiogram revealed a large secundum- 
“ype atrial septal defect with a small inferior 
-idge of septum. On June 10, 1959, utiazing 
cote body hypothermia and inflow occlusion, 
-he defect was closed with a running silk suture. 
ine postoperative course was uneventful. 

The patient was re-admitted to months later 
Apel 27, 1960) because of cyanosis whica, in 
‘etrespect, she had first noted 1 week after 
aE She was asymptomatic and exercise 
sclerance was better than before surgery. No 
; las murmur was detected but she had detnite 
evarcosis of the nails and lips and early clubbing 
ef tre fingers. The electrocardiogram was 
rormal. The hemoglobin was 18.6 gm. per cent, 
eed blood cell count 6.01 million per cu. mm., 














end raematocrit $7 per cent. The chest reent- 
genogram demonstrated a marked interval 
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decrease in heart size and vascular congestion 
(Fig. 1B). Cardiac catheterization through the 
superior vena cava revealed no left-to-right 
shunt at the right atrial level. The catheter did 
not enter the inferior vena cava from the right 
atrium. Right ventricular pressure was 15/0 
mm. Hg and aright ventricular cardiac angio- 
grain was nor mal (Fig. 2). Pulmonary function 
tests showed an arterial oxygen saturation of 
82.4 per cent at rest which rose only to 85 per 
cent with hyperventilation. While the patient 
breathed 40 per cent oxygen, the saturation was 
93.1 per cent and on 100 per cent oxygen satura- 
tion it rose to 96.8 per cent. These results were 
considered to be compatible with a shunt of de- 
saturated blood into the left side of the heart. 
Cardiae angiography pertormed on May 20, 
1960 with injection of contrast material into 
the left subclavian vein failed to demonstrate 
any abnormal connection between the superior 
vena cava and the left r K right atrium 
ap ue ace normal (Fig. 3, -4 and B). 

The patient was Sane to the hospital 
in jay , 1961, 25 months after surgery. Marked 
cyanosis and clubbing were present. Cardiac 
catheterization was performed from the left 
saphenous vein and the catheter readily en- 
tered the left atrium from the inferior vena 
cava. Oxygen lag was 67 per cent in the 
inferior vena cava, 80 per cent in the left 
atrium and g§ per cent in a pulmonary vein. 
Contrast material injected into the inferior 
vena cava below the diaphragm passed directly 
a moderately enlarged left atrium (Fig. 
4, Aand B). 

On October 24, 1961, 28 months after her 
initial surgery, re-operation was performed using 
the Mavo-Gibbon heart-lung machine. The 
inferior 1 cm. of the previously closed detect 
was open with the predominant flow of blood 
directed from the inferior vena cava into the 
left atrium. The original repair was taken down 
and reclosed with arterial silk. The patient 


Q 
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* Frem The Edward Mallinckrodt Institute of Radtologs, f Depar tment of Thoracic and Cardiovascular Surgery, $ and Department 
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lic. 1. Case 1. (4) Preoperative roentgenogram of the chest demonstrating right ventricle, pulmonary artery 
and peripheral vascular enlargement. (B) Postoperative roentgenogram 1 year following surgery. The 


heart and pulmonary vessels are normal. 


never regained consciousness and expired 2 
hours following the operation. Postmortem 
examination demonstrated slight cardiomegaly, 
a small old myocardial infarct on the lateral 
wall of the left ventricle, and some mild sub- 
endocardial hemorrhage. 


Case 11. A 21 year old Negro male was ad- 
mitted to Barnes Hospital in March, 1965. A 
heart murmur had been discovered at the age of 
IO years but growth and development were 
normal. He participated in sports and did not 
limit his activity until advised to do so at the 
age of 16 years. He was working as a day 
laborer when he developed pleuritic right anter- 
ior chest pain which led to his hospital admis- 
sion. Blood pressure 35/88 mm. Hg: 
Cardiac examination revealed a right ventricu- 
lar heave and a Grade ur pulmonic systolic 
ejection murmur with a fixed split of the second 
sound. Physical examination was otherwise 


Was 


negative. The hemoglobin was 14.3 gm. per 
cent and the hematocrit 43 per cent. The elec- 
trocardiogram showed a right axis deviation and 
right ventricular and right atrial enlargement. 
The chest roentgenogram demonstrated right 
ventricular enlargement, prominent right ven- 
tricular outflow tract, and increased pulmonary 
vascularity (Fig. 54). Cardiac catheterization 
and angiography confirmed the clinical diagno- 


sis of atrial septal detect. Pulmonary How was 
calculated as 3.7 times systemic, and the right 
mm. Hg. -Al 
though the catheter entered a right pulmonary 
vein, a cine-angiogram suggested that the vein 
emptied into the left atrium. 


ventricular pressure was 45/5 





lic. 2. Case 1. Postoperative right ventricular 
angiogram showing no shunt. 
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FIG. 





Frie 4, Casei 


3. Case 1. (4 and B) Angiograms with injection through the left subclavian vein 


demonstrate a normal sized right atrium without a shunt. 
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(4 and B) Angiograms with injection into the inferior vena cava demonstrate prompt flow 
of contrast material into the left atrium and no shunt to the right. 





liG. 6, Case 11. Schematic representation of the surgical procedures. The septum is viewed through the opened 
right atrium, (4) At the first operation, the lower portion of the defect merges with the inferior vena cava. 
The right middle and lower lobe pulmonary veins drain into the right atrium. (B) A plication stitch is 
placed along the area of the inferior margin. (C) The suture is closed as a purse string. (D) The remainder of 
the defect is closed so the anomalous pulmonary veins are directed into the left atrum. 
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s. Case 11. (4) Preoperative and (B) postoperative roentgenograms demonstrate no interval change in 


the appearance of the enlarged heart following repair of the atrial septal defect. 


Thoracotomy was performed on April 
1965 using a disposable bag oxygenator. The 
superior and inferior venae cavae were can- 
nulated through the right atrium. A large 
ostium secundum defect was found very low in 
the septum. There was no inferior rim so that 
the lower portion of the defect merged with the 
inferior vena cava. The right middle and lower 
lobe pulmonary veins drained anomalously into 
the right atrium (Fig. 64). The defeet was 
closed with interrupted silk sutures placed so 
that pulmonary veins were redirected to the 
left atrium. An inferior rim was created by a 


plication stitch which ran from the margins of 


the defect along the left lateral wall of the in- 
ferior vena cava, thus assuring drainage of the 
inferior vena cava into the right atrium (Fig. 6, 
B, C and D). He was re-explored 24 hours later 
for ligation of a bleeding internal mammary 
vein. Postoperatively, the patient’s mucous 
membranes and nail beds appeared cyanotic 
and arterial oxygen saturations were low. This 
was thought to be due to pulmonary congestion. 
On the day of discharge (May 4, 1965), arterial 
oxygen saturation was 79 per cent. Repeat 
arterial oxygen saturation was 89 per cent on 
May 24, 1965. Ventilatory studies were nermal. 

The patient was re-hospitalized on July 13, 
1965. Cyanosis persisted and the hemaglobin 
had risen to 17.3 gm. per cent and the hemato- 
crit to $3 per cent. Roentgenography ef the 
chest showed no change in heart size or pulmo- 
nary vessels (Fig. 5B). A gray Odman catheter 
inserted percutaneously into the right femoral 
vein by the Seldinger technique passed readily 
into the left atrium. Angiograms demonstrated 
a normal left atrium and no left-to-right shunt 
(Fig. 7, 4 and B). A second injection was made 
into the inferior vena cava just below the 
diaphragm. In the right posterior oblique pro- 
jection, the stream of contrast material from 
the inferior vena cava was clearly seen to divide, 
with some entering each atrium (Fig. 84). The 
left posterior oblique projection showed narrow- 
ing of the inferior vena cava at the site ef the 
septal repair (Fig. 88). 

Re-exploration on September 16, 1965 showed 


that the reefing stitch in the inferior aspect of 





liG. 6. (E) Reoperation for correction of the right-to- 
left shunt. The plication suture had opened, divid- 
ing the fow from the inferior vena cava into both 
atria. 


the septal defect had pulled out while the re- 
mainder of the repair had remained intact 
(Fig. 6#). This allowed the atrial septum to 
override the vena cava, dividing the flow into 
two separate streams with approximately half 
going to each atrium. The atrial septum was 
re-opened and a teflon patch was sewn in place. 
Postoperatively, the arterial oxygen saturation 
was 100 per cent. Cyanosis was absent. How- 
ever, the patient experienced respiratory difh- 
culty and showed progressive mental deteriora- 
tion. He died 24 hours after surgery. Autopsy 
permission was not obtained. Death was at- 
tributed to cerebral damage secondary to poor 
perfusion or air embolism. 


DISCUSSION 


Diversion of the inferior or superior 
venae cavae into the left atrium is an un- 
usual and infrequently discussed complica- 
tion to atrial septal defect closure.'~’ The 
limited dissemination of knowledge con- 
cerning this complication led to a delay in 
its recognition in Case 1. In Case 11, the 
possibility of connection between the in- 
ferior vena cava and left atrium was im- 
mediately recognized and the diagnosis was 
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liG. 7. Case 11. (4 and B) Angiograms with injection into the left atrium with the catheter passed from the 
inferior vena cava demonstrate no shunt of contrast material into the right atrium. The upper portion 


of the atrial septum is intact. 


confirmed when the patient agreed to re- 
catheterization. The 2 patients presented 
here are the only ones with this complica- 
tion in the series of over 200 atrial septal 
defect repairs during the past 9 vears. 
The incidence of vena caval diversion is 
probably higher in cases in which only 
hypothemia and inflow occlusion are used 
due to the time limitations imposed. Car- 
diopulmonary bypass allows ample time to 
assess and repair the defect but has not led 
to complete elimination of this complica- 
tion. Common factors in the reported cases 
are a large secundum-type or sinus venosus- 
tvpe detect which blends with either the 
inferior or the superior vena cava, and 
anomalous pulmonary venous return into 
the right atrium.!:®? Anomalous pulmonary 
venous drainage requires placement of the 
sutures to the right of the vessel orifice 
to divert the flow into the left atrium. 
In doing this the right atrium may be dis- 
torted so that the superior or inferior vena 


caval blood is also diverted into the left 
atrium along with the flow from the ano- 
malous pulmonary vessels. Indeed, in 1 in- 
stance of repair of a sinus venosus defect, 
distortion resulted in the 
superior vena cava. Since bypass had al- 
ready been discontinued, emergency repair 
was made by anastomosis of the superior 
vena cava to the right atrial appendage, 
resulting in a successful outcome.’ The use 
of a graft has been advocated by some 
authors as a means of preventing the dis- 
tortion resulting from repair of a large de- 
fect.’ 

An enlarged eustachian valve of the in- 
ferior vena cava may be mistaken for the 
inferior rim of the atrial defect and used in 
the repair.’ This diverts flow from the in- 
ferior vena cava to the left atrium. A cathe- 
ter placed through the right atrium to the 
inferior or superior vena cava as a guide 
does not necessarily assure proper place- 
ment of the sutures. If utmost care is not 


occlusion of 
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Diversion ef the Inferior Vena Cava 


lic. 8. Case 1. (4) Right posterior oblique and (B) left posterior oblique projections following injection 
iato the inferior vena cava. The flow from the inferior vena cava is directed into both atria at the inferior 
aspect of the septum (arrow in 4). The interior vena cava is narrowed at its entrance into the atria (ar- 
row in B), 


taken to close completely the inferior angle 
behind the catheter, sufficient distortion 
may occur so that a part of the inferior 
vena cava is displaced into the left atrium 
after removal of the cannula. Blood flow 
mto the right atrium will obscure the true 
anatomic situation. 

The appearance of cyanosis following an 
atrial septal defect repair in a patient who 
is otherwise doing well should immedmtely 
suggest the possibility of vena caval diver- 
sion into the left atrium. Cyanosis may 
appear while the patient is still under the 
anesthesia or several months or years later. 
If the shunt is small it may be manifest only 
during exercise or a bout of respiratory 1n- 
fection.® The chest roentgenogram in the 
postoperative period may show a return of 
the heart and pulmonary vessels to normal 
despite the right-to-left shunt.*:’ Another 
cause of cyanosis is suggested in patients 


with severe pulmonary vascular disease or 
postoperative pulmonary complications. In 
the latter groups, severe illness would be 
present and the cause of cyanosis should be 
evident. 

Diagnostic work-up to establish the na- 
ture of the complications should be guided 
by the location of the repaired defect. A 
defect near the inferior vena cava should 
be investigated by catheterization from the 
inferior vena cava with injection of con- 
trast material into the cava itself. The 
oblique projection best demonstrates the 
relationship of the vena cava to the atrial 
septal defect. In the case of high defects of 
the venosus type, catheterization 
should be performed through the superior 
vena cava with injection into the cava. 
Usually, the catheter will readily enter the 
left atrium as it is advanced further. Be- 
cause there is usually a small defect re- 
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maining at the entrance of the vena cava 
into the atrium, the catheter may oc- 
casionally pass into the right atrium. How- 
ever, the vena caval injection will demon- 
strate the true anatomic situation. An in- 
jection of contrast material into the left 
atrium will allow assessment of the integ- 
rity of the remainder of the atrial septum. 

Diversion of a cava into the left atrium 
would appear to warrant re-operation to 
correct the complication. The right-to-left 
shunt causes secondary polycythemia and 
presents a significant risk of paradoxical 
embolism. Re-operation ‘has been per- 
formed during the initial anesthesia as soon 
as arterial desaturation was observed and ag 
late as 4 years after the initial operation 
with good results.!®7 


SUMMARY 


Two patients are presented in whom re- 
pair of an atrial septal defect of the secun- 
dum type resulted in a diversion of the in- 
ferior vena cava to the left atrium. Cyanosis 
or arterial oxygen desaturation following 
surgery was the first indication of this 
complication. Diagnostic work-up to estab- 
lish the nature of the complication should 
be guided by the location of the repaired 
defect. 
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OBSERVATIONS ON PULMONARY EMBOLISM AND 
THE PULMONARY ANGIOGRAM* 


Bs STEPHEN N. WIENER, M.D.,t JOSEF EDELSTEIN, M.D.,¢ and BERNARD L. CHARMS, M.D.S§ 


CLEVELAND, OHIO 


ULMONARY embolism, the mest fre- 

quent acute respiratory disease en- 
countered in a general hospital,'®:'* poses a 
dificult diagnostic problem to the radi- 
ologist. This challenge assumes even 
greater importance when sequelae, both 
acute and chronic, are potential y life 
threatening. Unfortunately, many embolic 
episodes produce neither symptoms? nor 
detectable change on the chest roentgeno- 
gram.” In these instances, suspicion is the 
radiologist’s best guide. A suggestive his- 
tory, supported by nonspecific alterations 
of the electrocardiogram, blood chenmstries 
and chest roentgenogram, may leac to a 
proper diagnosis. This may be sufficient for 
conventional therapy, but greater certainty 
is often required. 

Our ability to diagnose and evaluate 
pumonary emboli has been improved and 
extended by pulmonary angiography and 
by hemodynamic data obtained from right 
heart catheterization. These have previded 
a more quantitative measure of the ob- 
structive process, greater reliability for 
diagnostic purposes and have better en- 
abled us to determine the need for inferior 
vena cava ligation, or pulmonary artery 
surgery. In many instances, the additional 
studies have been necessary in order to ex- 
clude pulmonary embolism as a diagnostic 
consideration. 

Since most patients with pulmonary em- 
bol do not die, clinical pathologic correla- 
tion is difficult. The following study on pa- 
tients with suspected pulmonary emboli, 
proved by alterations in their hemody- 
namicdataand by the pulmonary angiogram, 
has provided a better basis for an analysis 
of the patient with pulmonary embolism. 





METHODS AND MATERIALS 

A total of 58 patients were referred to the 
authors from February, 1g64 to December, 
1965, with a tentative diagnosis of pulmo- 
nary embolism. In addition to routine eval- 
uation, right heart catheterization was per- 
formed, followed by pulmonary angiog- 
raphy via a catheter in the pulmonary 
artery. This sequence was maintained in 
order to ensure that pressure alterations 
were not produced by the contrast mate- 
rial. The main pulmonary artery pressure 
was recorded of all patients. As a more 
sensitive index of occlusive vascular dis- 
ease, pulmonary hemodynamic data were 
obtained following unilateral pulmonary 
artery balloon occlusion? *" in 19 patients 
and are being reported separately.'® 

Pulmonary angiography was performed 
with the patient in the supine anteroposte- 
rior position. Where necessary and, when 
feasible, oblique projections and selective 
rigat or left pulmonary artery injections 
were utilized tor further evaluation. Using a 
Zimmerman pump, §0-60 ce. of 75 per cent 
hypaque was injected and films serially ex- 


posed at 2 per second, using a Sanchez- 


Perez or Schonander film changer. 

Eight patients had repeat hemodynamic 
and angiographic studies. These were done 
to determine if repeat embolic episodes had 
occurred during anticoagulant therapy, or 
followed inferior vena cava ligation; or, to 
determine the evolution of previously de- 
monstrated emboli. 

The history, physical examination, labor- 
atory values, electrocardiogram, chest 
roentgenogram, right heart catheterization 
data and angiogram were reviewed on all 
patients. If either the history, pulmonary 
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angiogram, pulmonary artery pressure, or 
appropriate surgical or autopsy findings 
gave evidence of a pulmonary embolus, the 
patient was included in the embolic group. 
On this basis, it was determined that 38 pa- 
tients had one or more pulmonary embolic 
episodes. The findings in this group were 
further evaluated, especially with reference 
to the chest roentgenogram and the pul- 
monary angiogram. The normal angiogram, 
as recorded tor the nonembolic group and 
an additional 30 cases (studies for reasons 
other than pulmonary emboli), was com- 
pared with that of the embolic group. 


RESULTS 


On the basis of the criteria described 
above, 38 patients had either single or 
multiple pulmonary emboli; 20 had no evi- 
dence of embolic disease. 


CLINICAL FINDINGS 


In the embolic group, there were 21 fe- 
males and 17 males, with an age range from 
1§ to 78 vears (Table 1). Many of the ele- 
ments conducive to embolic episodes were 
recorded: trauma (g), phlebitis (18), post- 
operative (6), cardiac failure (4), mitral 
stenosis (2), post partum (2) and polv- 
cythemia vera (1). No evident source for 
emboli could be found in 10 patients. 

Both acute and chronic cardiorespiratory 
complaints, as well as nonspecific systemic 
disturbances prompted referral (Table 11). 
Acute chest pain was the most frequent 
presenting symptom, and, in this small 
series, when associated with hemoptysis, 
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was due to an embolus. No other finding 
was as helpful. 


CHEST ROENTGRNOGRAPHY 

Fight patients with pulmonary emboli 
had a normal chest roentgenogram; the 
angiogram confirmed the diagnosis in 4. 
Another group of 4 patients had either a 
normal chest roentgenogram at the time of 
the acute embolic episode but later devel- 
oped parenchymal and/or  pleuritic 
densities; or had a density which appeared 
transiently and then cleared rapidly. Four 
patients without lateralizing chest sym- 
ptoms had bilateral emboli. Six patients 
had unilateral chest symptoms and unilat- 
eral changes on chest roentgenograms 
with pulmonary angiograms indicative ot 
bilateral disease. Ten patients had unilat- 


eral chest symptoms, bilateral changes 
on chest roentgenograms, and embol 


demonstrated bilaterally by the angiogram. 
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The majority of patients had alterations 
œ the lung bases (Table m1), with elements 
o the classic triad of pleuritis, atelectatic 
pagues and diaphragmatic elevation, oc- 
These were combined with densities in 
alditional portions of the lung in 7 pa- 
tents. Mid and upper lobe pneumonia-like 
densities were the sole roentgen change in 2 
patients, 


HEMODYNAMIC STUDIES 


Twenty-tour of the 38 patients with 
thromboembolism had resting pulmonary 
h-pertension. Seventeen of the 38 patients 
ir the embolic group were further examined 
b» unilateral pulmonary artery balloon oc- 
chision. Eight patients had a normal pul- 
monary artery pressure at rest; following 
balloon occlusion, the pulmonary artery 
pressure increased in 6. The other 9 pa- 
trents had resting pulmonary hypertension; 
flowing unilateral occlusion, the pulmo- 
Nery artery pressure remained unchanged 
ims, but further increased in the remaining 
4. 


PULMONARY ANGIOGRAPHY 


Emboli were demonstrated by angiog- 
r“ohy in 32 of the 38 patients. This in- 
clades 21 of the 24 patients with resting 
pulmonary hypertension and 11 of the pa- 
tients with a normal resting pulmonary 
amery pressure, As indicated above, 16 pa- 
tients had bilateral embolic disease in spite 
of unilateral symptomatology and/or uni- 
laveral plain film alteration. Embolic 
changes were also demonstrated by angiog- 
rahv in: (a) 8 of the g patients with pul- 
menary hypertension who had the unilat- 
eral pulmonary artery balloon occlusion; 
(b 4 out of the 6 patients with normal pul- 
menary artery pressure at rest and with the 
positive pressure response to balloon oc- 
chasion; and (c) the 2 patients with normal 
pu monary artery pressure and a normal 
response to balloon occlusion. 

The normal pulmonary angiogram, as 
recorded serially, shows smooth, gradually 
tapering arteries which fll uniformly 
theoughout both lung fields, and which 
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FINDINGS ON CHEST ROENTGENOGRAMS 
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simultaneously opacity the peripheral ves- 
sels. There is a similar, uniform opacifica- 
tion of the capillary phase, as well as ve- 
nous return. While the segmental anatomy 
of the hing, as it appears on the angiogram, 
has been recently clarified by Jefferson," 
precise anatomic evaluation similar to 
bronchographic analysis did not help us to 
identify emboli. 

Emboli present characteristic features jn 
the pulmonary angiogram, depending upon 
their age, size, number, and location.!® The 
folowing changes were observed in our 
study: Larger arteries and their segmental 
branches, when completely obstructed, 
showed an abrupt cut-off of the contrast 
filled vessels (Fig. 1, 4-#). The margins 
were concave, squared-off or, rarely, 
convex-torward. When complete obstruc- 
tion had not occurred, a filling defect was 
seen (Fig. 2,.7-D), lobular or wormy in con- 
figuration, or one which conformed to the 
contour of the involved vessel. Arterial 
stasis, noticeable during the capillarv and 
venous stages (Fig. 3, Æ and B) resulted 
from (a) complete obstruction of a larger 
vessel, (b) trapping of contrast material 
arcund or within a clot, or (c) microembolic 
obstruction to peripheral flow. 

Localized segmental avascularity and ab- 
sent, diminished, or delaved segmental ve- 
nous return were occasionally observed and 
depended upon the number and size of 
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lic. 1. Complete thrombo- 
embolic obstruction. (4) 
Right main pulmonary 
artery. (B, C, D, and E) 
Segmental arteries. 


vessels affected, as well as the available rial or capillary change, did not establish 
collateral circulation. Abnormalities in the the diagnosis in any single case. 
venous drainage, without associated arte- For the smaller vessels, film resolution 
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Fic. 2. Incomplete thromboembolic obstruction. (4, B, C, and D) Filling 
defects within lower lobe arteries. 
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Fic. 3. (4 and B) Arterial stasis. Lower lobe emboli. Persistence of contrast material 


within arteries during venous phase. > = pulmonary vein; = =segmental arteries. 


and contrast delineation were limiting 
factors in the diagnosis of some patients. 
Although not directly identified, small 
emboli produced segmental changes char- 
acterized by: (1) plump, segmental arteries 
supplying the affected area, wavy in con- 
tour, with apparent shortening; (2) rela- 
tively sparse, segmental branches; and (3) 
tortuous, shrunken and horizontal terminal 
branches, which were also diminished in 
number. In the extreme form, this appear- 
ance has been likened to a “pruned tree.” 
Depending upon the degree of involvement, 
however, one may see all of the above 
changes or little more than tortuosity of the 
distal branches (Fig. 2, 7, B and C; and §, 
A-D). The small vessel changes were most 
frequently noted.in those patients who had 
other larger vessel proof of embolic disease. 
The peripheral involvement, however, was 


the only abnormality in g patients and wis 
noted especially in those where several da~s 
elapsed between the clinical event and the 
performance of angiography. 


DISCUSSION 
CLINICAL DATA 


The usual and customary signs and symp- 
toms of embolic disease, both acute and 
chronic, undoubtedly plaved a role in 
selecting patients for this series. These were 
not sensitive enough to detect most emboli 
as was shown by the presence of emboli aid 
the absence of localizing chest symptoms 
and roentgen changes. An additional 16 pa- 
tients had bilateral emboli in spite of u11- 
lateral symptoms. 

As stated previously, the group w th 
chest pain and hemoptysis had emboli. 
Without hemoptysis, however, acute right 
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‘iG. 4. (4, B, and C) Peripheral emboli. Plump, 
poorly arborized segmental arteries. 
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liG. 5. Peripheral emboli. (4, B, C, and D) Tortuous segmental and/or distal arterial branches. 
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Fic. 6. (4) Asymptomatic, nonobstructing thrombus of left main pulmonary artery (>). (B) Two days 
post-inferior vena cava ligation, Distal movement of clot, obstructed left lower lobe vessels and chest pain. 


bower chest pain was often a confusing 
symptom and was infradiaphragmatic in 
origin in 5 patients, due to abnormalities of 
the liver (hepatitis—3, cholecystitis—1, 
metastatic carcinoma—1!1). Conversely, 
right upper quadrant pain and a diagnosis 
of acute cholecystitis were entertainec in | 
patient who later proved to have mu tiple 
pulmonary emboli. 

More chronic chest symptoms, such as 
unexplained congestive heart failure or 
asthma, were another basis for referral. One 
patient in this series had frequent unex- 
plained episodes of congestive failure, 
which responded poorly to conventional 
medical therapy. The pulmonary artery 
pressure was 65/25 (35) mm., and the 
angiogram showed obstructions of multiple 
branch arteries rather than the dituse 
small vessel change described for patients 
having chronic obliterative thromboembo- 
lism." 

A smaller number of patients had no spe- 
cific chest symptoms— presenting as unex- 
plained fever or periodic or sustained 
tachycardia. Other patients had malaise, 
vague aching or episodes of tachypnea 
prior to their more classic presentation of 
acute pleuritic pain with or without hemop- 
tysis. Clinical symptoms appeared to be 
more frequent when associated with ob- 
struction to middle sized and smaller pe- 


ripheral arteries. A lag in time between the 
embolic episode and the appearance of the 
infarct shadow on the chest roentgenogram 
has been stressed by Fleischner.'? We 
believe that a similar lag in clinical symp- 
toms in some patients is related to fragmen- 
tation of an already existing central throm- 
bus, which later extends and involves a 
pleural surface. As an example, an inferior 
vena cava ligation was performed on a 30 
vear old Negro female whose presenting 
symptom was severe right chest pain. The 
angiogram showed small avascular seg- 
ments at the right lung base and a large 
asymptomatic nonobstructing thrombus 
within the left main pulmonary artery 
(Fig. 64). A repeat pulmonary angiogram 
was made on the second postoperative day 
because of left chest pain. This demon- 
strated that the left main pulmonary artery 
thrombus had moved distally and ob- 
structed the more peripheral vessels (Fig. 


6B). 


THE CHEST ROENTGENOGRAM 


Although the chest roentgenogram im- 
proved the detection of the embolic event, 
8 patients had normal chest roentgeno- 
grams, 4 had transient parenchymal den- 
sities, and 6 patients had unilateral roent- 
genographic changes in spite of proved 
bilateral disease. Too great a reliability, 


868 


therefore, cannot be placed on the chest 
roentgenogram, since this study is often not 
sensitive enough and the change too tran- 
sient for adequate demonstration of the 
presence and extent of the embolic process. 

Plain roentgenograms which demon- 
strated a classic infarct shadow were the 
exception. The possibility of an embolus 
was frequently suggested if pleural reac- 
tions, atelectatic plaques, or alterations of 
the diaphragm were present. However, 
these are not specific changes and can be 
produced by a multitude of other supra- 
and intradiaphragmatic causes. In the 
absence of basilar involvement there was a 
greater error in diagnosis. An inflammatory 
process was often the initial impression. 
This was because the infarct shadow above 
the lung bases looked like a patchy pneu- 
monic area, sometimes small and transient, 
simulating an artefact. Though a fissural 





Stephen N. Wiener, Josef Edelstein and Bernard L. Charms Decesner, 1966 


boundary was apparent on a few of these 
densities, there was no associated pleuritis. 
The angiogram frequently demonstrated a 
segmental artery occlusion leading to the 
intarct shadow. 

Enlargement of the pulmonary artery at 
either hilus signaled pulmonary thrombo- 
embolism in 4 patients. In each instance, 
the dilated artery contained clot as proved 
by the angiogram. Serial chest roentgeno- 
grams and repeat angiograms showed that 
the return to normal arterial width was 
accompanied by dissolution or peripheral 
movement of the clot. 

Westermark’s sign?! as an initial indica- 
tion of the embolus was used in 2 
These had large main pulmonary artery 
thrombi. The disparity in lung vascularity 
Is easier to diagnose in the mid lung areas 
the natural areas of comparison. Unfortu- 
nately, most emboli involve lower lobes and 


Cases. 
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Fic. 7. Hypovascular lower lobe. (4) Overpenetrated roentgenogram prior to injection of 
contrast material. (B) Corresponding arteriogram. 





lic. 8. Hypovascular lower lobe. (4) Overpenetrated roentgenogram prior to 
injection of contrast material. (B) Corresponding arteriogram. 


the lett lower lobe is obscured by the heart. 
As a result, conventional chest roentgeno- 
grams are not optimal for observing varia- 
tions in vascularity. In retrospect, it was 
noted that the preliminary angiographic 
flm provided a more unobstructed view 
of the lower lobes and demonstrated in 
several instances evidence of obstructed 
vessels (Fig. 7, 7 and B; and 8, 4 and B). 
On this basis, it is suggested that survey 
chest roentgenograms for pulmonary em- 
boli should include an overpenetrated view 
of the lower lobes. 


HEMODYNAMIC DATA 
Right heart catheterization data were 
not as effective as the pulmonary angio- 
gram in detecting emboli. Eleven of the 
patients who had normal resting pulmo- 
nary artery pressures had angiographic 
proof of their emboli. This was not surpris- 


ing since greater than 60 per cent of the 
cross-sectional area of the pulmonary circu- 
lation must be occluded when large or 
middle sized arteries are involved before 
pulmonary hypertension is produced.!*)% 
Nevertheless, determinations of the pulmo- 
nary artery pressure com plement the angio- 
gram, as was evidenced by the 3 patients 
who had pulmonary hypertension in the 
absence of angiographically demonstrated 
thromboemboli. This will occur especially 
in association with microembol. 

The response to unilateral pulmonary 
artery balloon occlusion was a more sensi- 
tive test than the resting pulmonary artery 
pressure. A normal patient responds to the 
occlusion by minimal change in pulmonary 
artery pressure and cardiac output and a 
marked decrease in vascular resistance. The 
rise in pulmonary artery pressure, following 
unilateral pulmonary artery balloon occlu- 
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sion is termed a positive response. [his test 
should detect those instances of vascular 
obstruction where the cross-sectional in- 
volvement is not suffcient to elevate the 
main pulmonary artery pressure, vet ex- 
tensive enough to prevent the diminution 
of vascular resistance that ordinarily ac- 
companies diversion of the entire pulmo- 
nary flow into one lung. Two patients in 
this series had a normal resting pulmonary 
artery pressure, a normal angiogram, but a 
positive response to balloon occlusion. Four 
patients had a positive response and a 
positive angiogram. 

An interesting phenomenon was the dif- 
ferent responses notec following balloon 
occlusion in those patients with resting 
pulmonary hypertension. A mechanical 
obstruction was postulated for those pa- 
tients who had further elevation of their 


pulmonary hypertension; and a humoral or 
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reflex basis when no further elevation re- 
sulted.*” 1° This hypothesis was further 
supported by the angiogram, which demon- 
strated relatively little anatomic involve- 
ment in those with a negative response. A 
positive response to unilateral pulmonary 
artery balloon occlusion in those patients 
with resting pulmonary hypertension 1s 
considered an indication tor emergency 
interior vena cava ligation. 


THE ANGIOGRAM 


The most striking finding on the pulmo- 
nary angiogram was the size and extent of 
central thrombus collecticn in the absence 
of corresponding clinical and plain film 
abnormality. When compared to conven- 
tional methods, it not only provided con- 
vincing proof of the presence of emboli, but 
enabled a better evaluation of the extent 
and location of the embolic process.” Angi- 





ic. 9. Tortuous, distorted lower lobe vessels. (4) Overpenetrated roentgenogram 
prior to contrast material injection. (B) Corresponding arteriogram. 
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lic. 10. Tortuous, distorted lower lobe vessels. (4) Overpenetrated roentgenogram 
) > z= 
prior to injection of contrast material. (B) Corresponding arteriogram. 


ography is essential if pulmonary artery 
surgery 1s contemplated. Both the angio- 
gram and the balloon occlusion study were 
helpful in identifying significant embolic 
disease in the contralateral lung in patients 
with unilateral chest pain. 

The importance of optimal contrast 
definition on the angiogram cannot be over- 
emphasized. Because of this, intravenous 
and right heart contrast injections were 
abandoned. Right atrial injections of con- 
trast material preceded the pulmonary 
artery injection only in those cases where 
an intracardiac thrombus was suspected. 

Angiographic diagnosis was more diff- 
cult when only small vessels were involved. 
The localized small vessel changes, de- 
scribed above, were very helpful in estab- 
lishing a correct diagnosis and have been 
described previously.?° Similar changes in 
the small vessels are seen in patients with 


congenital heart disease who have high 
pulmonary vascular resistance, as demon- 
strated by wedge arteriography.'+ For 
pulmonary emboli the segmental distribu- 
tion is a necessary requisite for diagnosis, 
since a similar but uniform and generalized 
vascular alteration may accompany severe 
heart failure with marked pulmonary hy- 
pertension, congenital heart disease with 
complicating increased precapillary resis- 
tance,'"’ and reflex peripheral constriction 
of the pulmonary vessels. Similarly, a bi- 
laterally symmetrical lower lobe involve- 
ment has been described in congestive 
failure and some cases of mitral stenosis.!4:2° 

The shortened, plump, tortuous vessels 
supplying the area of embolization were 
frequently seen on the scout roentgenogram 
taken prior to the angiogram (Fig. 9, 7 and 
B; and 10, 4 and B). In several instances, it 
was possible to predict emboli by this ob- 
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servation. The alteration is not a simple one 
and can be mimicked by other parenchymal 
disturbances. However, as previously sug- 
gested, the overpenetrated roentgenogram 
of the lower lobes may be helpful in the 
plain film detection of pulmonary emboli. 


SUMMARY 


1. Pulmonary angiograms and data ob- 
tained from right heart catheterization, 
especially when combined with unilateral 
pulmonary artery balloon occlusion, were 
complementary and important diagnostic 
methods in the detection and definition of 
emboli in 38 out of 58 patients referred with 
a diagnosis of “possible pulmonary embo- 
lism.” 

2. The angiogram often demonstrates 
more extensive thrombus collection within 
either or both lung fields than would be 
suspected from conventional studies. 

3. Large thrombi may be present with- 
out recognizable clinical or chest roentgeno- 
graphic alteration. The embolic event may 
be followed by a silent period with clinical 
symptoms produced by later obstruction of 
more peripheral vessels. Similarly, there 
may be a lag in the embolic event and the 
production of a roentgen density. Serial 
roentgenograms are necessary to demon- 
strate transient parenchymal changes. 

4. Emboli may be directly identified, 
either as arterial obstructions with abrupt 
cut-off of the affected vessel, a filling defect, 
or as localized arterial stasis. Additional 
diagnostic signs include segmental diminu- 
tion in flow, poor capillary filling, avascu- 
larity, and diminished, or absent venous 
return from the affected area. 

5. Multiple small emboli, which affect 
peripheral vessels, can be recognized by a 
segmental vascular change characterized 
by shortened, plump and wavy branch 
vessels, relatively sparse peripheral filling 
and tortuosity of the visualized distal 
branches. 

6. Overpenetrated plain roentgenograms 
emphasizing the lower lobes in an attempt 
to recognize avascular areas or distorted 
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vessels are suggested: in order to extend 
conventional diagnostic efforts. 


Stephen N. Wiener, M.D. 
Department of Radiology 
Mt. Sinai Hospital 

1800 East rosth Street 
Cleveland, Ohio 44106 
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ANGIOCARDIOGRAPHIC DIAGNOSIS OF 
PERICARDIAL EFFUSION* 


By ISRAEL STEINBERG, M.D.,¢ and BERNARD A. HECKMAN, M.D. 


NEW YORK, NEW YORK 


AILURE of pericardiocentesis to secure 

fluid does not necessarily mean that the 
diagnosis of pericardial effusion is in error. 
Herein is described the case of a 68 vear old 
man who, after angiocardiographic studies 
over a 3 year period, was found to have 
dilated heart chambers and the classic 
findings of pericardial effusion—huge soft 
tissue densities surrounding the heart in 
frontal view.*-§ Several pericardiocenteses 
failed to yield more than a few milliliters of 
fluid. Serial roentgenograms of the chest 
following the last pericardial tap, however, 
showed a left hydrothorax. Thoracentesis 
yielded fluid similar in character to that of 
the pericardium. The decrease in size of the 
cardiac silhouette was interpreted to be due 
to leakage of pericardial fluid into the 
pleural space caused by needle puncture of 
the pericardium. 

The authors underscore the fact that 
when angiocardiography demonstrates a 
pericardial effusion, this diagnosis should 
not be abandoned even when pericardio- 
centesis fails to yield fluid. Indeed, when 
there is associated venous hypertension, a 
prolonged circulation time, and normal- 
sized cardiac chambers, it is essential to 
differentiate cardiac tamponade from effu- 
sive-constrictive pericarditis.» In such a 
case, when pericardiocentesis does not 
really yield fluid or a pericardial cyst is 
suspected,’ thoracotomy is warranted. Re- 
moval of pericardial fluid will alleviate 
cardiac tamponade if present,’ °° and, at 
the same time, inspection and palpation of 
the pericardial layers will establish the 
diagnosis of effusive-constrictive pericar- 
ditis; pericardiectomy may then be curative. 


REPORT OF A CASE 


A 68 year old white male (N.Y.H. No. 
932623) was admitted on January 10, 1963, be- 
cause of increasing shortness of breath. The pa- 
tient had enjoyed excellent health until 1962, 
when chest pain and dyspnea began. He also 
had peripheral edema and hypertension, and 
was treated with diuretic and antihypertensive 
therapy, and then referred to this hospital. 

Physical examination revealed a blood pres- 
sure of 175/100 mm. Hg. The pulse was irregu- 
lar at a rate of 80 and respirations were 18 per 
minute. The neck veins were distended at 45 
degrees, and fine rales were present at the right 
base. The left border of cardiac dullness was 
percussed at the anterior axillary line. A holo- 
systolic (Grade 2-6) murmur was heard at the 
apex radiating to the axilla, and a harsh ejec- 
tion (Grade 3-6) murmur was present at the 
base radiating into the neck. The pulmonic 
second sound was split physiologically. The 
liver was not enlarged and there was mild 
peripheral edema. Venous pressure was 170 
mim, saline at the level of the right atrium. Cir- 
culation time (arm to tongue) was 45 seconds 
and the basal metabolism rate was plus 23. The 
electrocardiogram revealed atrial fibrillation 
with occasional ventricular premature contrac- 
tions. Chest roentgenograms (Fig. 1, 4 and B) 
showed a huge cardiac silhouette. Intravenous 
angiocardiograms (Fig. 2, 4 and B), made on 
January 17, 1963, demonstrated enlargement of 
the cardiac chambers with massive pericardial 
effusion. The soft tissue density adjacent to the 
right border of the opacitied right atrium mea- 
sured 4.5 cm.; on the left it was 3.5 cm. beyond 
the left side of the opacified left ventricle. The 
left atrium measured 11 by 9 em. (average nor- 
mal is 8 by ¢.5 cm.). Pericardiocenteses with 
electrocardiographic monitoring'? were at- 
tempted, but no fluid was aspirated despite 
multiple punctures into the subxyphoid and 
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lrc. 1. (4) Frontal teleroentgenogram of the chest (January 14, 1963) showing a huge cardiac silhouette and 
dilated thoracic aorta. (B) Lateral esophagram (same day) showing displacement by an enlarged left 


atrium. Note obliteration of the retrosternal space. 


peri-apical areas. Blood electrolytes, urinary 
catachol amines, and intravenous pyelography 
were unremarkable. He was discharged after 
digitalis and diuretic therapy, and disappear- 
anee of the venous hypertension; the cardiac 
silhouette was smaller than on admission (Fig. 
3). 
On February 14, 1966, the patient was re- 
admitted because of increasing dyspnea and 


fatigue. Examination showed enlargement of 
the heart extending to the left axilla (Fig. 44). 


The pulse was irregular and the blood pressure 


was 145/95 mm. Hg. The systolic murmur at 
the apex and base of the heart was unchanged. 
An intravenous angiocardiogram (Fig. 48) on 
February 17, 1966, again demonstrated a huge 
pericardial etfusion with dilatation of the 
cardiac chambers. The circulation time (dech- 





lic. 2. (4) Frontal angiocardiogram (January 17 


) 


1963) showing pericardial fluid (arrow) beyond the 
opacified right border of the right atrium. Note the enlarged right ventricle, pulmonary artery, and 
branches. (B) Serial frontal angiocardiogram showing enlargement of the left atrium and ventricle. Note 
the huge soft tissue density (arrow) beyond the left outer wall of the opacified left ventricle. 








FIG. 3. Frontal teleroentgenogram of the chest (Jan- 
uary 27, 1963) prior to discharge. Note that the 
cardiac silhouette became smaller following digi- 
talis and diuretic therapy. 


olin) was 32 seconds. The venous pressure 
was normal. Several attempts at pericardiocen- 
tesis yielded only 20 ml. of serosanguineous 
Huid obtained after puncture into the subxy- 
phoid area. Smear of the fluid was negative for 
acid fast bacilli and fungi; and cultures were 
sterile. Papanicolaou studies of the pericardial 
Huid were also negative. 

Two days later, several pericardiocenteses 
were again unsuccessful, but post-tap roentgen- 
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ograms (Fig. 5, 4 and B) showed a mark2d 
decrease in the size of the cardiac silhouette 
and a lett hydrothorax. Thoracentesis of tie 
left hemithorax yielded only 5 ml. of sero- 
sanguineous fluid similar in character to that 
obtained from pericardiocentesis. The re- 
mainder of the patient’s course in the hospital 
was unremarkable; he improved and was di- 
charged on February 26, 1966. The cardiac s l- 
houette was decreased in size (Fig. 6). 

He was seen regularly in the cardiac clinic 
until he was referred into the hospital on Avril 
18, 1966, because of tachycardia, dyspnea, 
substernal pressure, abdominal swelling, ard 
ankle edema. He improved after limiting salt 
ingestion and increasing the dosage of digitalis. 
The chest roentgenogram showed a huge car- 
diac silhouette of the same size as of the earlier 
admission (Fig. 44). He was discharged cn 
April 24, 1966. 


DISCUSSION 


It is natural to attribute enlargement of 
the cardiac silhouette (Fig. 1, 7 and B) to 
cardiac enlargement, especially when a pe- 
tient has symptoms and signs of heart fail- 
ure. Obliteration of the retrosternal space 
(Fig. 14) in the absence of congenital cr 
rheumatic heart disease etiology is, how- 
ever, presumptive evidence of pericardial 





lic. 4. (4) Frontal tele-esophagram again showing a huge cardiac silhouette upon re-admission on February 
14, 1966. (B) Frontal angiocardiogram (February 17, 1966) still shows a huge perizardial effusion an] 
dilated cardiac chambers. Arrow points to outer margin of soft tissue density beyond the opacified right 


atrium (RA). 
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liG. $. (4) Frontal teleroentgenogram (Febru:ry 24, 1966) showing the development of a left hydrothorax 
following pericardiocenteses. (B) Latæal roentgenogram also showing the pleural effusion. 


effusion.*" Angiocardiography, by visualiz- 
ing the cardiac chambers, readily estab- 
lished the diagnosis of pericardial efft sion 
(Fig. 2, 4 and B) and dilatation of the 
cardiac chambers due to heart failure." 
Despite the inability to secure fluid after 
pericardiocentesis, the decrease in the size 
ot the cardiac shadow (Fig. 3) following 
digrtalis and diuretic therapy and the dis- 
appearance of venous hypertension sub- 
stantiated the diagnosis of heart failure and 
perteardial effusion. 

Chronic heart failure and even a lzrger 
carciac silhouette were present 3 vears ater 
(Fig. 44) and again angiocardiography 
revealed a pericardial effusion (Fig. 4B). 
Per'cardiocenteses were unsuccessful, but 
fortunately serial roentgenography per- 
mitted detection of a left hydrothorax Fig. 
5, J and B; and 6). Although the etic logy 
of the chronic heart failure could nct be 
determined definitively in this case, the 
advanced age, a history of previous h~per- 
tension, the atrial fibrillation, and the 
dilated, tortuous, and elongated thoracic 
aorta are consistent with arteriosclerotic 
careiovascular disease. 


SUMMARY AND CONCLUSIONS 


The case of a 68 year old man with smp- 
toms and signs of congestive heart failure 


and a huge cardiac silhouette, observed 
over a period of 3 years, is presented be- 
cause, although angiocardiograms demon- 
strated an associated pericardial effusion, 
pericardiocenteses failed to substantiate it. 
Serial chest roentgenograms following the 
pericardiocentesis revealed the develop- 
ment of a left hydrothorax, and thora- 
centesis yielded a fluid similar to that of the 
pericardium. Following this, a decrease in 
the size of the cardiac silhouette permitted 





liG. 6. Teleroentgenogram of the chest on discharge 
from the hospital (February 26, 1966) showing the 
decreased size of the heart following escape of 
pericardial fluid into the left pleural space. 
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the assumption that the pericardiocenteses 
established a pericardial left pleural win- 
dow and allowed drainage of the pericardial 
effusion. Thus, the reliability of angio- 
cardiography for the diagnosis of peri- 
cardial effusion was reafirmed. The case 
also emphasizes the importance of serial 
roentgenography of the chest for a diagno- 
sis of the creation of a pericardial pleural 
window. 


Israel Steinberg, M.D. 

Department of Radiology 

The New York Hospital—Cornell Medical Center 
New York, New York 10021 
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CATHETER ARTERIOGRAPHY IN THE EVALUATION 
OF ABDOMINAL AORTIC ANEURYSMS* 


By PAUL C. KAHN, M.D.,t and ALLAN D. CALLOW, M.D.t 


BOSTON, MASSACHUSETTS 


HE investigation of abdominal aortic 
aneurysms by angiography has raised 
two controversial issues——one pertaining to 
the need for such study, and the other to 
the most suitable angiographic techn:que. 
We have found arteriography valuable in 
evaluating patients for therapy, planning 
surgery, and weighing the prognosis of 
q eatment of abdominal aortic aneurysms. 
A technique based primarily on retrograde 
eer catheterization has been found to 
be safe and relatively simple, and regularly 
to produce the high contrast, detailed 
aa teriograms which are necessary to provide 
use‘ul information. 


MATERIALS AND METHODS 


In the past 2 years we have studied 52 
patients with abdominal aortic aneurysms. 
In addition, angiograms were. obtained 
on € patients and failed to confirm a clinical 
impression of aneurysm. Many patients 
with diffuse aortic dilatation, sm all a 
bulges in an atherosclerotic aorta, or dis- 
secting aneurysm were also examined, but 
are not included in this report. 

When both femoral pulses were unim- 
paired, the right common femoral artery 
was chosen as a puncture site because of 
the usually straighter course to the acrta.® 
After local anesthesia with 2 per cent lido- 
caine, a I6 gauge thin-walled Seldinger 
evdle was inserted percutaneously just 
above the inguinal crease. Under fluoro- 
scopic monitoring, a guide wire, .045 inch 
in diameter with a 3 cm, flexible tip, was 
passed through the needle into the common 


iliac artery if no resistance was encoun- 
tered. If this guide wire did not advance 


absolutely freely, it was replaced by an- 
other with a long flexible tip supported by 


a cable and curved at the end.! No effort 
was made to advance the guide wire into 
the aorta. The needle was then replaced by 
a polyethylene (PE 240) catheter, tapered 
to the guide wire with a J- tip,” abast I cm. 
in diameter and three pairs of side holes 
proximal to the J. When the tip had been 
advanced beyond the end of the guide wire 
and the J had reformed in the iliac artery, 
the catheter was introduced into the aorta 
and advanced through the aneurysm. 

A complete study included injections 
above, into and below the aneurysm, with 
serial roentgenograms demonstrating the 
aorta and its branches from the level of the 
diaphragm to the lower leg. Renografin 60 
was used as the contrast medium, in doses 
of 25-so cc., administered at a rate of 1 5-30 
cc./sec. by an automatic injector. The 
total dose of contrast agent ranged from 
100 to 250 cc. per study. Vasodilator drugs 
or tourniquet ischemia!® were employed as 
needed to increase the flow of blood. Arch 
aortography, usually via the right axillary 
artery, was performed as a separate pro- 
cedure when indicated. 

In the infrequent cases in which a needle, 
guide wire or catheter could not be intro- 
duced easily via the femoral route, the 
alternate approach was high translumbar 
puncture with a catheter needle. This was 
usually combined with noncatheter femoral 
arteriography and countercurrent injection 
to visualize the distal aorta and iliac ar- 
teries. 


RESULTS 


In ṣo of the §7 cases, a catheter could be 
introduced successfully on the side selected 
initially. In 4 cases the opposite side had to 
be used. In 3 cases, neither iliac artery 
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Frc. 1. Fusiform aortic aneurysm demonstrated by retrograde femoral catheterization and biplane angiog- 
raphy. Layering of contrast material prevents full appreciation of the size of the aneurysm in the frontal 
view (4), but in the lateral view (B), the anterior margin is outlined both by calcium (arrows) and the 
overlying superior mesenteric artery. 


could be negotiated, and after bilateral 
femoral arteriography and countercurrent 
aortography, translumbar aortography was 
performed. No clinical complications were 
encountered, although 2 instances of extra- 
luminal passage of the catheter were 
demonstrated roentgenographically. Satis- 
factory studies were obtained in all cases. 

The following information was then 
available for further evaluation of the 
patient: 

1. Size. The diameter of the aneurysm 
was computed by analyzing the associated 
soft tissue mass and calcification on plain 
roentgenograms, as well as the contrast 
column in the aorta and superior mesenteric 
artery. Because of the layering of contrast 
material posteriorly (Fig. 1, 4 and B) and 
the presence of intraluminal thrombus, the 
width of opacified aorta in the frontal view 
was not considered to represent the width of 
the aneurysm. However, even when no 


calcium was visible in either wall, the size 
of the aneurysm could be estimated ac- 
curately in the lateral or oblique view by 
noting the position of the superior and in- 
ferior mesenteric arteries. 

2. Location. While most aneurysms were 
located between the renal arteries and the 
aortic bifurcation, we encountered in- 
stances of diffuse aortic dilatation and of 
aneurysms on both sides of the renal artery. 
Sometimes, the higher aneurysm was the 
more significant (Fig. 2, 4, B and C). 

3. Renal arteries. The distance between 
the lowest renal artery and the aneurysm 
was measured to estimate the space avail- 
able for cross clamping the aorta at surgery. 
This distance was sometimes foreshortened 
in the frontal view, and biplane views pro- 
vided greater accuracy. The greatest prob- 
lem was provided by double renal arteries, 
the lower of which frequently arose very 
close to, or even from the wall of the aneu- 
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rysm (Fig. 3, 4, B and C). In addition, artery did not, by itself, prove occlusion, 
stenotic lesions (Fig. 4) or aneurysms (Fig. since the vessel often arose from the most 
7; A and B) of the renal arteries were found anterior portion of the aneurysm while the 
sometimes. contrast material layered out posteriorly. 

4. Inferior mesenteric artery. Occlusion 5. Iliac arteries. While some aneurysms 
of the inferior mesenteric artery was shown ended abruptly at the aortic bifurcation, 
in a number of cases by retrograde filling others were associated with dilated iliac 
of the left colic artery from the superior arteries. It was possible to estimate the con- 
mesenteric artery (Fig. 5, £ and B). Non- dition of the vessels at the site of distal 
visualization of the inferior mesenteric anastomosis of the graft. The patency of 





Fic. 2. Fusiform aortic aneurysm situated pri- 
marily above the renal arteries. The proximal 
portion of the renal arteries is not well seen in 
the supine projection (4), but demonstrated 
clearly in a prone roentgenogram (B). The 
celiac and superior mesenteric arteries are 
shown arising from the aneurysm in the lateral 


view (C). 


CO 
CO 
to 





the internal iliac arteries could be evalu- 
ated, as well as whether they could be 
preserved. 

6. Arteriovenous communications. A pa- 
tient with massive rupture of an aortic 
aneurysm into the vena cava was too ill to 
permit angiography. However, in another 
patient with a large aneurysm, it was possi- 
ble to demonstrate a smaller arteriovenous 
communication into the ascending lumbar 
vein (Fig. 6, and B): 

7. Associated arterial disease of the lower 
extremities. The presence of separate aneur- 
ysms or of significant occlusive disease of 
the femoral arteries was demonstrated 
frequently (Fig. 7, Z and B). Satisfactory 
visualization of lesions of the popliteal 
arteries (Fig. 8), and more distally, usually 
depended upon the employment of vaso- 
dilatation by drugs or reactive hyperemia. 

8. Associated disease in the thoracic aorta 
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Fıs. 3. (4) Saccular aortic aneurysm arising 
just below the main renal arteries. The right 
renal artery appears small and the nephro- 
gram is incomplete (arrows). (B) An injec- 
tion into the aneurysm demonstrates an 
accessory right renal artery arising from an 
area of fusiform widening below the main 
saccular aneurysm. (C) Aortogram following 
excision of the aneurysm and _ aortoiliac 
graft demonstrates the implant of the acces- 
sory renal artery into the graft. 








Fic. 4. Bilateral renal artery stenosis (arrows) in 
patient with fusiform aortic aneurysm. The 8 cm. 
wide aneurysm is incompletely filled in this view 
because of contrast layering. 
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Fic. 5. (4) Saccular infrarenal aortic aneurysm. (B) Occlusion of the inferior mesenteric artery is shown 
by the retrograde filling of this vessel from the superior mesenteric artery via the left colic branch (arrows). 


and brachiocephalic vessels. Lesions pro- demonstrated by advancing the femoral 
ducing significant impairment of cerebral catheter into the thoracic aorta for another 
circulation, and thus increasing the risk of injection, it was usually elected to obtain 
major abdominal surgery, were sometimes a higher quality brachiocephalic arterio- 
present. While these might have been gram on another day by inserting a shorter 
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Fic. 6. (4) Large saccular aortic aneurysm. (B) Later roentgenogram in the same series demonstrates filling 
of a dilated, ascending lumbar vein (arrows) while the aneurysm is still partly opacified. This finding 
strongly suggests the presence of an arteriovenous communication. 
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ic. 7. Saccular and fusiform aortic aneurysm as well as multiple other arteriosclerotic changes. (4) Right 
renal artery aneurysm (arrow). (B) Fusiform dilatation of both common femoral arteries (white arrows) 
and occlusion of both supevficial femoral arteries (black arrows). 


catheter into the ascending aorta from the 
right axillary artery (Fig. 9, 47 and B). 
DISCUSSION 
The controversies regarding the indica- 
tions and techniques for aortography in 
abdominal aortic aneurysms cannot be dis- 
cussed in an isolated manner. Unless a 





Fic. 8. Popliteal aneurysm in patient with fusiform 
aortoiliac aneurysm. Because of the extremely slow 
circulation time, this was demonstrable only by 
angiography after tolazoline infusion, 


- 


method is employed which is not only safe 
but informative, the routine use of aortog- 
raphy can hardly be justified. In most in- 
stances the diagnosis of aortic aneurysm is 
clinically quite definite, and a procedure 
which merely demonstrates the aneurysm 
without providing additional anatomic 
data 1s unnecessary. For this reason, we 
have ruled out the use of remote injections, 
whether intravenous,!!*° right atrial, or 
countercurrent left brachial, "3 as they 
provide inadequate detail. 

Catheterization of the abdominal aorta 
via the brachial'® or axillary®> route is 
often quite difficult in the presence of a 
tortuous vessel. The justidcation of this 
circuitous approach would require proof, 
rather than glib assumption, that femoral 
catheterization is more dangerous. The 
translumbar approach has a long record of 
safety,™!* but unfortunately allows little 
flexibility in the selection of an injection 
site. Furthermore, there is a slight risk that 
fibrosis secondary to a clinically nonap- 
parent hematoma at the aortic puncture 
site may complicate subsequent surgery. 
Countercurrent femoral noncatheter aortog- 
raphy usually fails to demonstrate the 
vessels proximal to the aneurysm. 

Retrograde femoral catheterization must 
xe performed with great care in order to 
avoid a high incidence of dissection of 
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Fic. 9. Association of aortic aneurysm with cerebro- 
vascular disease. (4) Distal aortic aneurysm with 
stenosis at the aortic bifurcation. (B) Innominate 
arteriogram with injection via the right axillary 
artery shows complete occlusion of the origin of 
the right internal carotid artery (arrow). 


arteriosclerotic vessels by the guide wire or 
catheter.’ While most perforations of the 
intina are undoubtedly asymptomatic, the 
possibility of catastrophe always lurks in 
the background. However, with the metic- 
ulous avoidance of force and the use of 


curved flexible guide wires and polyethy- 
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lene }-catheters, the risk of complications 
appears to be quite minimal. Straight 
catheters and catheters made of firm ma- 
terials such as teflon or nylon have no place 
in this technique. Furthermore, the method 
is not recommended for the physician who 
is just beginning to become familiar with 
catheter manipulation, or who does not 
have a good image intensification unit in 
the room in which the study is performed. 
Under these circumstances, a combination 
of tranmslumbar aortography and noncathe- 
ter femoral arteriography would be much 
safer. However, with the application of 
modern skills and equipment for retrograde 
arterial catheterization, the dangers which 
have been stressed so often in the past have 
diminished greatly. 

While there is general agreement that 
doubtful clinical diagnosis of aortic aneu- 
rysm is an indication for angiography, 
many authors feel that there is no need for 
arteriography in the definitively diagnosed 
case. “12.16 Some feel that its use should be 
limited to asymptomatic aneurysms,” par- 
ticularly if they are small." 

We believe that angiography by a 
method which proves good anatomic de- 
tail is desirable in all patients who are 


TABLE I 


SIGNIFICANT ANGIOGRAPHIC FINDINGS IN §2 PATIENTS 
WITH ABDOMINAL AORTIC ANEURYSMS 








Extension above main renal arteries 2 
Extension to within 1.5 cm. of main renal artery 11 
Accessory renal artery arising from aneurysm 2 
Separate renal artery aneurysm l 
Occlusion or marked stenosis of renal artery 9 
Occlusion of inferior mesenteric artery 12 
Arteriovenous fistula from aneurysm I 
Extension into common iliac artery 14 


Separate iliac, hypogastric, femoral or popliteal 7 
artery aneurysm 

Occlusion or marked stenosis of common or ex- 7 
ternal ihac artery 

Occlusion of common or superficial femoral 11 
artery 

Occlusion of popliteal artery 9 

Occlusion or marked stenosis of carotid or verte- 6 
bral artery 

Separate aneurysm of thoracic aorta 


Go 
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lic. 10. Leaking aortic aneurysm. 
a saccular aneurysm bulging to the right. 
infer that its wall is likely to be quite thin (courtesy of Dr. Lester V. Nickrosz, Boston Veterans Hospital). 


being prepared or considered for elective or 
semi-elective aneurysm repair. In the rela- 
tively good risk patient, there will be 
valuable information to help the surgeon 
plan his operation as effectively as possible. 
In the patient who is a doubtful surgical 
candidate, a more complete knowledge of 
the exact nature of the lesion and of associ- 
ated vascular disease permits a more intel- 
ligent choice of operative or medical man- 
agement “i able 1). Even when a leaking 
aneurysm is present, arteriography can be 
performed safely (Fig. 10, 4 and B). Only in 
the dire emergency presented by an acutely 
ruptured aneurysm should aortography be 


bypassed. 


SUMMARY 


Retrograde femoral artery catheteriza- 
tion for abdominal aortic aneurysm, when 
performed by a careful technique, with 
curved guide wires and polyethylene 
J- catheters, was successful in 54 of 57 
patients. No clinical complications were 
encountered. The use of this method gave 
information not only as to the size and 
location of the aneurysm, but also the 
presence of aberrant renal artery stenosis 
or aneurysm, the condition of the inferior 


(4) Marked displacement of the right kidney 


(arrows) 1s associated with 


(B) From the blister-like appearance of this aneurysm, one may 


mesenteric 
aneurysm, 


artery, the distal extent of the 
the presence of arteriovenous 
communication, and the existence of signifi- 
cant occlusive disease in the lower extremi- 
ties. Arch aortography for evaluation of 
the vessels to the head was also performed 
frequently. Unlike the low-detail tech- 
niques such as intravenous aortography, 
which are mainly useful in confirming the 
presence of an aneurysm in the rare case 
where there is clinical doubt, the retrograde 
temoral technique safely pr evide sufficient 
anatomic information to justify its use in 
the evaluation of the patient being con- 
sidered for aneurysm repair. 

Paul C. Kahn, M.D. 

Department of Radiology 

New England Medical Center Hospitals 

171 Harrison Avenue 

Boston, Massachusetts 02111 
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CAVOGRAPHY FOLLOWING PLICATION OF 
THE INFERIOR VENA CAVA* 


By JAMES V. BLAZEK, M.D.,t RICHARD L. CLARK, M.D.,t and CHARLES S. HERRON, M.D.§ 


BALTIMORE, MARYLAND 


N RECENT years, there has been in- 

creasing interest in the prevention of 
pulmonary embolization by surgical proce- 
dures designed to compartmentalize the 
vena cava.®5910 [t has been hoped that 
such therapy might prevent massive and 
fatal embolism, yet avoid the postoperative 
sequelae which have been ascribed to liga- 
tion,” 467:8 

The surgical procedures currently em- 
ployed to this end fall into 3 general groups: 
plication with mattress sutures, with metal 
staples, or by external clipping (Fig. 1). All 
are designed to reduce the lumen of the 
inferior vena cava to multiple small chan- 
nels which will entrap circulatory emboli 
larger than 2—3 mm. in size. 

In view of the increasing numbers of pa- 
tients undergoing such surgical procedures, 
it is important that the radiologist be able 
to evaluate the functional status of the 
vena cava following plication; with popula- 
tion mobility as it is, radiologists may be 
called upon to evaluate the postoperative 
status of patients who have been operated 
upon elsewhere. A general description of 
the post-plication appearance of the infe- 
rior vena cava has not been provided in the 
roentgenologic literature. 


MATERIAL AND METHODS 


Fifty-five patients were treated at The 
Johns Hopkins Hospital with plication of 
the inferior vena cava in the past § years. 
This communication concerns 22 of those 
patients in whom 28 inferior vena cavog- 
raphies were performed. Their average age 
was §2 years, ranging from 21 to 76 years. 
There were 12 white and 10 Negro patients 
with equal numbers of males and females. 





Staples 


hic. 1. Diagrammatic demonstration of types 
of plication procedures. 


The diagnosis of pulmonary embolization, 
usually recurrent, was well established pre- 
operatively in every case. Most of these pa- 
tients had a preoperative history of phlebi- 
tis or varicosities. Three had sustained re- 
cent trauma or crush injury to the legs. 
Many had some form of heart disease. 
Selection of patients for postoperative 
cavography was arbitrary. Some were cho- 
sen because of clinical indications that the 
plication was obstructed--in others the 
procedure was done in order to confirm 
caval patency and to visualize the func- 
tioning plication site. 

The technique of inferior vena cavo- 
graphy consisted of unilateral or bilateral 
femoral venapuncture, usually with the 18 


* This work was supported in part by USPHS Grants Nos. HE-5405 and GM-1 328, 
+ Assistant Professor of Radiology, Johns Hopkins University and Radiologist, The Johns Hopkins Hospital, 
t Recipient of the Henry Strong Denison Scholarship for Medical Research, 1965-1966, 
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gauge Seldinger or the 17 gauge polyeth- 
vlene sheathed needle. Hand injection of 60 
cc. of contrast material with serial biplane 
film studies over a 10 second period was the 
usual procedure employed. Less contrast 
material was used if there was edema of the 
legs or if free flow of blood could not be ob- 
tained following venapuncture. 


ROENTGENOGRAPHIC FINDINGS 


The roentgenographic findings can be 
divided into 4 basic types: (1) normal func- 
tioning plication; (2) partial obstruction at 
the plication site; (3) complete thrombosis 
at the plication site; and (4) complete or 
partial breakdown of the plication site. Rep- 
resentative examples are illustrated below. 

Normal. This patient was a $4 year old 
white female with a history of rheumatic 
heart disease with mitral stenosis, atrial 
fibrillation, and multiple pulmonary em- 
boli. The vena cavograms shown in Figure 
2, A and B were made 3 weeks after place- 
ment of a teflon clip on the vena cava. Re- 
latively free flow of contrast material 
threugh the channels formed by the clip 
was obtained. There was no significant col- 
lateral circulation. Postoperatively, the pa- 
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tient continued to have symptoms and 
signs of recurrent emboli, probably from 
sources above the plication site. 

Partial occlusion of the plication site was 
seen in 2 cases. The vena cavograms of one 
of them are shown in Figure 3, 4 and B. 
The patient was a 51 year old white female 
with multiple pulmonary emboli but with- 
out signs or symptoms of phlebitis. A per- 
sistent defect along the right side of the vena 
cava, which probably represented trapped 
thrombus not producing significant ob- 
struction, was visualized. Two years after 
the plication procedure and vena cavog- 
raphy, the patient developed pulmonary 
infarction, again without clinical evidence 
of phlebitis. 

Complete thrombosis presented a variable 
roentgenographic appearance according to 
the major collateral branches utilized in by- 
passing the obstructed segment. Angio- 
graphic visualization (“reconstitution”) of 
the vena cava above the plication site is not 
unusual. Some of the varieties of collateral 
flow in complete caval obstruction are 
shown in Figures 4, 4-D; and 5, 4 and B. 1 

breakdown of the plication due to the 
sutures pulling out has been previously de- 





ic. 2. (4 and B) Functioning vena cava following placement of external teflon clip. The individual channels 
of the patent plication can be clearly identified in the anteroposterior projection (arrows). 
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scribed.! Figure 6, Æ and B shows vena 
cavograms of I of the 2 patients in whom 
breakdown of the plication site evidently 
occurred. Both of these patients had evi- 
dence of recurrent pulmonary emboliza- 
tion. 

In some instances postoperative signs 
and symptoms of venous insufficiency in 
the lower extremities correlated poorly with 
roentgenologic findings of patency or 
thrombosis of the vena cava. Two patients 
who clinically were thought to have func- 
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tioning plications because of their benign 
postoperative courses were subsequently 
shown to have complete obstruction and 
rather poor collateralization (Fig. 7, 7 and 
B). 

Conversely, the patient shown in Figure 
8, 4 and B had no signs or symptoms of 
venous insufħciency in the lower extremi- 
ties prior to an ankle fracture complicated 
by pulmonary embolus. The vena cavo- 
grams following plication showed narrow- 
ing at the plication site òut no thrombus, 





Fic. 3. (4 and B) Functioning vena cava plication with partial 
blockage due to trapped thrombus (arrows). 
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hic. 4. (4) Complete thrombosis of plication with filling of ascending lumbar vein. Note crossover to the 
opposite side via perivesical and prostatic plexus. (B) Collateral flow past thrombosed plication Via in- 
ferior epigastric and extensive retroperitoneal venous channels. (C) Reconstitution above thrombosed 
plication via deep circumflex veins. (D) Inferior epigastric collateral drainage. Note thrombus in external 


iliac vein (arrow). 
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Fic. §. (4 and B) Complete thrombosis of plication site (arrows) with recon- 
stitution above by means of vertebral veins. 


obstruction, or collateral formation. Des- 
pite this appearance, the patient had a 
severe post-phlebitic syndrome with edema, 
ulceration and varicosities. 

Fatal post-plication pulmonary embo- 
lism occurred in 1 case previously re- 
ported.!® The patency of the plication was 
demonstrated by vena cavography (Fig. 9). 
Subsequent to this, recurrent embolization 
occurred and vena cava ligation was re- 
quired. This also proved ineffectual. At 
autopsy, adherent mural thrombi were 
found in the atria and also in the vena cava 
above the operative site. Additionally, 
thrombi were present in the ovarian vein. 


CLINICAL CORRELATION 

Of the 22 patients examined from 6 days 
to 34 vears after operation, 12 were found 
to have patent venae cavae with little or no 
collateralization. Ten of the 22 cases were 
shown to have complete thrombosis of the 
plication site postoperatively, and all of 
these showed extensive collateralization, 
similar to that which has been noted fol- 
lowing vena cava ligation. 

In 4 of the 12 patients in whom patency 
was demonstrated, multiple vena cavo- 
grams were made up to 3 years after plica- 
tion and patency persisted in all. Follow-up 
of thrombosed venae cavae was poor, with 
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the latest postoperative cavography being 
performed 4 months after surgery. Many of 
the patients who had thrombosis showed 
progressive diminution of their venous in- 
sufficiency symptoms; this suggested that 
collateral drainage improved or that re- 
canalization occurred. 

Clinical appraisal of the existence of pre- 
and postoperative phlebitis, edema, vari- 
cosities, and ulceration was made in the 22 
cases (Table 1). As might be expected, 
there were more patients significantly 
symptomatic postoperatively (14 out of 22 
than were symptomatic preoperatively (9 
out of 22). Unexpectedly, there was little 
clear-cut difference in the clinical appear- 
ance of patients with thrombosis from 
those with postoperative patency. Six pa- 
tients in whom the plication was patent had 
postoperative symptoms thought to be on 
the basis of obstruction of the vena cava, 
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and 2 patients who had roentgenographic 
evidence of thrombosis were asymptomatic. 
Thus, evaluation of the postoperative 
status of the vena cava on the basis of 
clinical findings was incorrect in 8 of the 22 
cases. 

Only 2 patients showed over-all improve- 
ment in the clinical status of their lower 
extremities postoperatively (one of these 
had thrombosis of the plication site). 
This improvement may be a reflection of 
better care. 

Generally, there is a positive correlation 
between preoperative phlebitis and the 
postoperative phlebitic syndrome but not 
with thrombosis of the plication site. 

There was evidence of pulmonary em- 
bolization postoperatively in 7 of the 22 
cases (Table 11). This includes 1 fatality 
from pulmonary embolization which oc- 
curred despite plication and ligation. In 6 





Fıs, 6. (4 and B) Apparent breakdown of plication site in a patient who had subsequent pulmonary emboli. 
A single large channel is seen in the anteroposterior projection. There is slight constriction in the lateral 


view (arrow). 
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Fic. 7. (4 and B) Two patients with complete post-plication caval obstruction in wh ch clinical symptoms 
were mild or absent despite poor collateral formation. 4 shows major collateralization by inferior epigastric 


vein, B by ovarian veins. 


of the 7 cases in which pulmonary em- 
bolization was suspected postoperatively, 
the post-plication vena cavogram showed 
patency. Only 1 patient with evidence of 
recurrent embolization had a thrombosed 
plication. This patient also had renal fail- 


ure, and a diagnosis of renal vein throm- 
bosis was entertained which would suggest 
that emboli originated from above the 
plication site. Some form of cardiac disease 
was present in 3 of the patients with re- 
current embolization and the possibility of 
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lic. 8. (4 and B) Functioning patent plication (arrows) in a patient with severe post- 
phlebitic syndrome. Note the lack of collateral vessels. 


thrombi originating above the plication 
site is also suggested in these patients. 


CONCLUSIONS 


Bergan and his co-workers! have pointed 
nut the fallacy of attempting to evaluate 
the postoperative plication without vena 
cavography and it is apparent that clinical 
evaluation alone is not valid in the post- 
operative assessment of caval patency. 
Nearly half of the cases in this series were 
shown to have thrombosis of the vena cava 
following plication and the procedure was, 
therefore, essentially a ligation. 

Contrary to some reports, post-plication 
pulmonary emboli do occur in a substantial 
percentage of cases. This complication may 
not be a valid criticism of the plication pro- 
cedures, since recurrent emboli may arise 
from sites other than at or below the plica- 


tion site and they also have been reported 
following ligation. 

There is a general correlation between 
preoperative phlebitis and the post-phle- 
bitic syndrome, but poor correlation with 
the patency of the plication. 

Plications that were patent in the imme- 
diate postoperative period remained so on 
repeat vena cavography up to 3} years 
later. Late follow-up of a thrombosed plica- 
tion was performed on only 1 patient in this 
series. We cannot state whether clinical im- 
provement that occurred in the late follow- 
up period was due to new collaterals or to 
recanalization of the plication site. 


SUMMARY 


Vena cavographies were performed on 22 
patients following compartmentalization of 
the inferior vena cava. Various roentgeno- 
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found to have patency of the plication site, 
whereas 10 were found to have complete 
thrombosis following the surgical proce- 
dure. There was poor correlation between 
clinical and roentgenographic findings, and 
accurate clinical assessment of the status of 
the vena cava could not be established prior 
to the performance of vena cavography. 
Evidence of pulmonary embolization was 
present postoperatively in 7 of the 22 cases 
and these included 1 case of fatal pulmo- 
nary embolus which occurred after ligation 
of the vena cava. Six of the postoperative 
pulmonary embolization patients were 
found to have patency of the plication, and 
in 2 there was suggestion of partial or com- 
plete breakdown of the plication site. 
Plication of the vena cava does not ap- 
pear to be the final solution as regards the 
problem of pulmonary embolization. 
James V. Blazek, M.D. 
Department of Radiology 


The Johns Hopkins Hospital 
Baltimore, Maryland 21205 
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CLINICAL EVALUATION OF 22 POST-PLICATION CASES 














Lower Extremity Lower Extremity 
No. of Roentgenologic Preoperative Symptoms Postoperative Symptoms 
Cases Status — —— - 
Absent Present Absent Present 
IO Thrombosed 5 g (4 mild, 1 severe) 2 8 (3 mild, 5 severe) 
12 Patent 8 4 (3 mild, 1 severe) 6 6 (3 mild, 3 severe) 
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BASIS FOR DIAGNOSIS OF POST-PLICATION PULMONARY EMBOLIZATION: 7 OF 22 CASES 


Pas g Chest Electro- Hemop- Chest Vena Other Other 
a Roentgeno- jé a4 T E a 
tient cardiogram  tysis Pain Cavegram Evidence Diseases 
gram 
I “+ + -+ -+- Patent Ligation Hypothyroid 
Autopsy 
a) ao ł- -}- Patent -+ Scan Mitral Disease 
Heart Failure 
Atrial 
Fibrillation 
3 ~- — ~|- - Patent (2 studies) Diabetes 
Breakdown 
4 Es + + -4 Thrombosed Renal Failure — 
g “4. -L — — Patent (3 studies)  ? Positive Asthma 
Pulmonary Heart Failure 
Arteriogram 
6 + — == ~ Patent — Diabetes 
Heart Failure 
Myocardial 
Infarction 
9 = — on 4. Patent (2 studies) = Neurotic 
Partial 
Breakdown 
Caval ligation in thromboembolic disease. 8. Ocusner, A. Indications for and results of in- 
AMA. Arch. Surg., 1963, 87, 184-192. ferior vena caval ligation for thromboembolic 
3. Morerz, W. H., Rope, C. M., and SHEPHERD, disease. Postgrad. Med., 1960, 27, 193-196. 
M. H. Prevention of pulmonary embeli by 9. Spencer, F. C., Jepe, J., Rrennorr, W. E, HI, 
partial occlusion of inferior vena cave 4m. and SronesiFrer, G. Phication of inferior vena 
Surgeon, 1959, 25, 617-626. cava for pulmonary embolism: long-term re- 
5. Mozes, M., Apar, R., BoGoxowsxy, H, and sults in 39 cases. Ann. Surz., 1965, 761, 788- 
Acmon, M. Vein ligation in treatment ef pul- sol. 
monary embolism. Surgery, 1964, 55, 621—629. 10. Spencer, F. C., Quarriesnaum, J. K., Quarrie- 
7. NassetH, D. C., and Moran, J. M. Recssess- naum, J. K., Jr, SHare, E. H., and June, 
ment of role of inferior-vena-cava ligation in J. R. Phlication of inferior vena cava for pulmo- 
venous thromboembolism. New Englaad F. nary embolism: report of 2c cases. Ann. Surg., 


Med., 1965, 273, 12§0-1253. 1962, 155, 327-837, 
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ARTERIOGRAPHY IN CIRCUMFERENTIAL 
COMPRESSION EDEMA 


By J. L. CURRY, M.D., and W. J. HOWLAND, M.D. 


WHEELING, WEST VIRGINIA 


EVERE crushing injury to an extrem- 

ity produces marked soft tissue 
swelling with edema and ecchymosis. This 
may interfere with accurate clinical evalua- 
tion of the circulatory status and may raise 
serious questions relative to the proper 
management of the patient. 

The importance of arteriography in the 
evaluation of acute arterial injuries has 
been cited frequently,!:7'° although occa- 
sionally discredited.*? Others stress the 
usefulness of arteriography for the evalua- 
tion of patency at the time of arterial sur- 
gery.’ 

The value of carefully planned arteriog- 
raphy, individually tailored to best fit the 
problem at hand, is emphasized by the 
following case report. 


REPORT OF A CASE 


A 40 year old male was admitted to Ohio 
Valley General Hospital, November 12, 1965, 
with a severe crushing injury to his right shoul- 
der and arm. His extremity had been “pinned” 
between an automobile chassis and the ground 
for a period of 6 hours. A co-worker was crushed 
to death in the same accident. 

Physical examination disclosed the lett shoul- 
der and arm to be extremely swollen and ecchy- 
motic with board-like induration (Fig. 1). No 
arterial pulsations could be palpated. However, 
the patient’s blood pressure and pulse rate were 
normal and the extremity, although incapable 
of movement, exhibited only slightly reduced 
skin temperature. Roentgenograms showed no 
evidence of fracture. 

Arteriography was performed. A catheter was 
introduced into the right femoral artery and 
cautiously passed up the aorta into the distal 
left subclavian artery. From this position, rapid 
serial film angiography was performed over a 9 
second period, which indicated complete cir- 
cumferential obstruction of all visible arterial 
flow at the mid brachial level (Fig. 2, Æ and B). 
Even delayed arteriograms at the 9 second 
interval indicated a sharp line of demarcation 
produced by muscular arterial branches at the 


obstruction level with gradual minimal advanc- 
ing opacification of the brachial artery. 

Following arteriography, moderate warmth 
was maintained in this patient’s pulseless ex- 
tremity, and his fingernail beds, although 
ischemic in appearance, showed a faint pinkish 
color. There were no clinical signs of significant 
venous occlusion. For these reasons, it was de- 
termined to manage this case with nonsurgical 
means including elevation of the extremity, 
anticoagulants and varidase. The edema of the 
extremity gradually disappeared and pulses 
became palpable on the sixth day following the 
injury. 

Direct percutaneous axillary arteriography 
was performed after return of the extremity 
pulses, (Fig 3, Æ and B) which indicated com- 
pletely normal findings with prompt opacifica- 
tion of the arterial tree on serial film studies and 
normal venous circulation of the extremity. At 
the time of this writing (7 weeks after injury), 
the patient is gradually recovering motor and 
sensory deficit, confined to the lower forearm 
and hand. 


COMMENT 


A crushing injury of the extremity may 
traumatically interfere with its arterial 
circulation by various mechanisms. These 





Fic. 1. Severely edematous and ecchymotic shoulder 
and arm with absent peripheral pulses due to a 
crushing injury. 
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Fie. 2. Transaortic left axillary catheter arteriog- 
raphy via right femoral artery route was performed 
a short time after injury. (4) One anc one-half 


second interval arteriogram showing occlusion of 


arterial flow at mid brachial artery level. (8) Nine 
interval 
ferential compression of all visible arterial flow at 
the level of the mid brachium. A transverse zone 
small 


second arteriogram indicating circum- 


ef demarcation is delineated by nvuscular 
arterial branches where opacification is abruptly 


terminated. 


mechanisms include: 1. 
vessels by subfascial hematoma and edema.’ 
Evidently, this was the cause of arterial ob- 
struction in this case report; 2. subintimal 
arterial hemorrhage;’'!" 3. intimal arterial 
tear with secondary thrombosis; 4. incom- 
plete division of an artery with simple 
blood loss, false aneurysm or arteriovenous 
fistula;!:? 5. complete arterial transection? 
6. arterial obstruction due to entrapment 
of the artery between fracture fragments in 
an extremity fracture. 7, 
occlusion with secondary arteria. inflow 
obstruction;*!° and 8. spasm.” 

Thus, with many potential mechanisms 
of ischemia due to extremity trauma, the 
value of safe and efficient artericgraphy, 
performed early, seems obvious. 

The hazard of embarrassing an 


massive venous 


already 
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compromised circulation related to extrem- 
ity trauma can be avoided if approach to 
the artery in question is by entrance to the 
arterial tree from a distant normal artery, 
using a transaortic catheter approach to the 
extremity artery under study.’ 

Rapid serial arteriograms, procured over 
a relatively long time interval (10 to 15 
seconds), will provide reliable information 
relative to circulatory dynamics. Moreover, 
such serial studies plus “flooding” of the 





Fic. 3. Repeat axillary-brachial arteriography was 
performed by direct axillary needle puncture 1 
week after initial injury following subsidence of 
edema and return of extremity pulses. Serial 
angiograms at (4) 1 second and (B) 6 second in- 
tervals show return of normal arterial and venous 
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artery with adequate amounts of contrast 
material should avoid a possible error of 
interpretation, which may be produced by 
an unopacified column of blood proximal to 
a point of obstruction. This has been em- 
phasized by Logan and Goudelock.’ 

In this case, clinical progress and serial 
angiography strongly indicate that an 
effective microcirculation to an extremity 
can exist in spite of failure to arteriographi- 
cally demonstrate arterial blood flow 
beyond an obstruction level. 


SUMMARY AND CONCLUSIONS 


1. This case emphasizes the potential 
value of catheter arteriography and rapid 
serial filming in the management of acute 
traumatic pulseless disease of an extremity. 

2, Arteriographic failure to opacify vis- 
ible arterial flow to the periphery of a 
swollen, traumatized extremity does not 
exclude a physiologically effective micro- 
circulation. 

3. Although clinical judgment may be 
paramount in the management of extremity 
trauma with ischemia, transaortic catheter 
arteriography may provide valuable infor- 
mation with relative safety and simplicity. 


J. L. Curry, M.D. 
Department of Radiology 
Ohio Valley General Hospital 
Wheeling, West Virginia 
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STATIONARY WAVES OF THE SUPERFICIAL 
FEMORAL ARTERIES* 


REPORT OF A CASE OCCURRE 
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HEART DISEASE AND POPLITEAL ARTERIAL EMBOLI 


By ISRAEL STEINEERG, M.D.+ 


NEW YORK, NEW YORK 


P SHEANDER," in 1960, was the frst to 

- suggest that the rarely occurring regu- 
larly transverse striations seen in the con- 
trast column in an artery following arteri- 
ography was due to stationary arterial 
waves. Hitherto, following the report of 
Wickbom and Bartley it had been 
attributed to vascular spasm and needless 
dosages of intravascular antispasmotic 
agents were prescribed for treatment of the 
“spasm. In 1964, Mavall,® using dilute 
contrast medium and water in a tube, 
pestulated that the phenomenon was due to 
rippling of the interface between the upper 
laver of blood and lower layer of contrast 
medium, when slipping occurred between 
the two lavers owing to different rates of 
flow. Two years later, by ingeniously sub- 
strtuting turpentine for blood, Mavall? was 
able to show that after a slight tilt, the 
heavier contrast medium ran beneath the 
upper layer towards the end of a sealed 
tube, but the interface remained smooth. A 
sharper angle of tilt produced more rapid 
flow with rippling of the surfaces. These 
ripples increased both in wavelength and 
amplitude when the experiment was re- 
peated with increasing angles of tilt. 
Eventually, a markedly rapid tilt caused 
turbulence, sufficient to mix the two layers 
and destroy the waves. Narrower tubes 
produced the same results, but the waves 
were of smaller amplitude and wavelength. 
Thus, the observation of Theander? that 
the waves were of smaller amplitude and 
shorter wavelength in smaller arteries was 
confirmed, 

Stationary arterial waves have been re- 


ported in the peripheral vascular sys- 
tem,?>3*"! and in the mesenteric,” 
renal, >™ and internal carotid’ arteries. In 
the patient herein reported, the superficial 
femoral arteries contained stationary waves 
following arteriography which also demon- 
strated bilateral occlusion of the popliteal 
arteries from emboli arising from the left 
atrium of a woman with valvular disease 
due to rheumatic heart disease. This com- 
munication re-emphasizes the physical and 
harmless nature of stationary waves and 
disposes of the “enigma”! that they have 
created. 


REPORT OF A CASE 


A 29 year old Caucasian housewife (N.Y.H. 
Ne. go8408) was admitted on April 8, 1962, 
with the complaint of left flank pain of 1 day’s 
duration. She was said to have had chorea at 
the age of 6 years, which recurred at the age of 
12 vears and was severe enough to require 
hospitalization, She was asymptomatic during 
the early weeks of her only pregnancy, at the 
age of 24 years, but was digitalized and spent 
mest of the time at bed rest prior to delivery. 
A year later, she had improved so much that 
digitalis was discontinued. At the age of 27 
years, albuminuria, dyspnea on exertion, fatig- 
ability, and atrial fibrillation developed and 
recigizalization was necessary. For 4 months 
prior to admission, increasing dyspnea and 
edema of the extremities occurred and diuretics 
were added to the treatment. One day before 
admission, she experienced a severe, sharp left 
flank pain which did not radiate but was ac- 
companied by numbness and tingling of both 
feet. 

Physical examination revealed a well de- 
veloped and well nourished woman in moderate 


*From the Department of Radiology, The New York Hospital-Corne'| Medical Center, New York, New York. 
This work was supported by The Health Research Council of the City of New York under contract No. U-1648. 
T Recipient of Career Scientist Award of The Health Research Council of the City of New York under contract No, 1-258 and U-1648. 
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distress. The lungs were clear. The heart was 
enlarged and the left border of the cardiac dull- 
ness extended to the sixth left interspace in the 
anterior axillary line. There was a prominent 
left ventricular heave. The pulmonic second 
sound was loud and split. Atrial fibrillation at 
the rate of 88 was present at the apex of the 
heart. An opening snap was heard along the left 
sternal border at the third and fourth inter- 
spaces. A holosystolic murmur (Grade Iv) was 
present at the apex of the heart which radiated 
into the axilla and along the left sternal border. 
An early (Grade 11 to Iv) systolic murmur was 
heard along the left sternal border and increased 
with respiration. A diastole rumble was also 
heard along the left sternal border. There were 
no murmurs at the base of the heart or in the 
neck. The blood pressure was 100/60 mm. Hg. 
The liver was enlarged, the abdomen was soft, 
and the left flank was tender. There was no 
edema of the legs but both popliteal arteries 
had diminished pulsations. 

Laboratory data showed an increased leuko- 
cyte count (15,000) with 87 per cent poly- 
morphonuclear cells. The urine contained a 
large amount of albumin. The electrocardio- 
gram showed atrial fibrillation and digitaliza- 
tion effects. Roentgenographic studies of the 
chest showed enlargement of the heart, espe- 
cially of the artria and right ventricle and con- 
gestive changes at the right base (Fig. 1). 
Angiocardiography on April 12, 1962, demon- 
strated tremendous right atrial dilatation; the 
right ventricle, pulmonary artery, and left 
atrium were enlarged (Fig. 24). The latter 
measured 15.5 by 9 cm. (average normal= 8.5 
by 5 cm.°). Left atrial thrombi, measuring 2 by 
2 cm. in the vicinity of the atrial appendage and 
3 by 3 cm. in the region of the mitral valve, 
were evident (Fig. 2B). Percutaneous trans- 
femoral aortograms, made 2 days later, demon- 
strated a thrombus of a branch of the left renal 
artery (Fig. 3, Æ and B). Serial studies revealed 
unopacified filling defects of tricuspid insuffi- 
ciency” with delay in emptying and variation of 
the radiopacity between the right atrium and 
ventricle, consistent with tricuspid stenosis. 
The peripheral vascular system exhibited sta- 
tionary waves in the superficial femoral arteries 
(Fig. 44) and occlusion of both popliteal arteries 
(Fig. 4B). 

The patient was treated with anticoagulants 
and improved. She was discharged on May 11, 
1962, and subsequently visited the anticoagu- 
lant and cardiac clinics regularly. She was re- 
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hic. 1. Conventional frontal teleroentgenogram of 
the chest showing the markedly enlarged heart, 
pulmonary artery and branches, and congestive 
ular and basilar lung changes. 


admitted on June 11, 1963, because of sudden 
onset of pain in both legs of 1 hour’s duration. 
She had been on a long automobile journey over 
the weekend, had slept well, but while eating 
breakfast developed leg numbness and pain. 
She was seen in the emergency room and a 
saddle embolus at the bifurcation of the aorta 
was suspected because of the sudden onset of 
pain and numbness, poor peripheral pulses, 
and coldness of the feet. While being wheeled 
into the operating room for exploratory study 
of the peripheral vascular system, she developed 
severe dyspnea. Examination disclosed diffuse 
rales all over the chest with pulmonary edema. 
Accordingly, she was transferred to the medical 
ward where phlebotomy, intermittent positive 
pressure respiration, and diuretics relieved her. 
Subsequently, the extremities became warm 
and their pulsations improved. Recovery con- 
tinued and she was discharged on June 23, 
1G63. 

She was readmitted on November 16, 1963, 
and 3 days later, mitral commissurotomy, using 
open-heart technique with a rotating disk type 
pump oxygenator, was performed. The left 
atrial appendage was found to be completely 
filled with soft clots. The mitral valve orifice 
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measured only 0.5 cm.”. A Gerbode dilator was 
used to stretch the mitral valve to about 3.0 
cm.*. The patient did well postoperatively, 
and prior to discharge, atrial fibrillation was 
converted to normal sinus rhythm by electrical 
shock, and she was discharged on December 14, 
1963. Anticoagulant therapy was continued. 

She was readmitted on April 12, 1964, for 
direct current conversion of atrial fibrillation. 
This returned to regular sinus rhythm with 
occasional atrial premature contractions. The 
patient has continued to improve. The cardiac 
rhythm was regular until October 8, 1964, when 
it again became totally irregular (atrial fibrilla- 
tion). The cardiac silhouette was unchanged, 
and on her last visit to the clinic on February 
11, 1965, her only complaint was tiredness in 
the legs. 


DISCUSSION 


Angiocardiography has provided the 
means of visualizing the heart in rheumatic 
heart disease.!:?61317 Left atrial thrombi 
and tumors have also been differentiated 
with this technique.” 16 Selective pul- 
monary arterial and left atrial injections of 
contrast media for detection of thrombi 
have recently come into greater use.?:!)!2 
Figure 28 illustrates the atrial thrombi 
visualized with the intravenous method of 
angiocardiography. Opacification of the en- 
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tire cardiovascular system also permitted 
the diagnosis of a huge right atrium due to 
tricuspid regurgitation? and stenosis (Fig. 
24). Angiocardiographic diagnosis of left 
atrial thrombi and tight mitral stenosis was 
verified by open-heart surgery. 

Figure 34 shows the angiographic appear- 
ance of the left renal arterial embolus that 
occurred prior to the first admission of the 
patient. The radiolucent filling defect is 
characteristic of a renal thrombus and 
appears similar to that described by 
Morrow and Amplatz,'® except, of course, 
for the fact that the one demonstrated 
above occurred spontaneously and did not 
complicate the arteriographic study. Surgi- 
cal exploration of thrombotic renal arterial 
lesions is Just becoming routine,*!” and it is 
fair to predict that surgery rather than 
anticoagulant therapy alone will be the 
treatment of choice. This is logical, for re- 
moval of the thrombus may be expected to 
preserve renal function, especially when the 
renal embolus is of recent origin. Figure 3B 
shows the widespread renal infarction that 
tollowed the emboli. 

Stationary arterial waves have been at- 
tributed to arterial spasm and intra-arterial 
instillation of priscoline has been advocated 
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Fic. 2. (4) Frontal intravenous angiocardiogram showing the huge right atrium (arrow), enlarged right 
ventricle, pulmonary artery, and branches. (B) Left heart angiocardiogram showing thrombus in the region 
of the left atrial appendage (black arrow) and at the base of the atrium above the mitral valve (white 


arrow). 
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for the relief of the spasm.”! However, since 
the stationary waves do not produce ill 
effects, treatment is not indicated. The 
transverse striations have been likened to a 
bamboo or a string of pearls, and called 
“corrugated arteries. < Following Wickbom 


and Bartley’s” initial paper, which appa-- 
ently described only a single case of sta- 
tionary waves during peripheral arteriog- 
raphy, Theander!’ reported 4 cases amor g 
160 patients who had peripheral arteriog- 
raphy. As in our case, 2 followed p=- 





ic. 3. (4) Percutaneous, transfemoral renal 


arteriogram showing thrombus in a large 


branch of the left renal artery (arrow). (B) 
Nephrogram following the renal arteriogram 
showing infarction of the kidney (arrow). 





lic. 4. (4) Peripheral arteriogram showing bilateral stationary arterial waves in the superficial femora 
arteries (arrows). (B) Serial arteriogram showing the bilateral occlusions of the popliteal arteries (arrows). 


ripheral vascular emboli in men suffering 
from mitral stenosis. The third was in a 
man with Buerger’s disease, while the last 
hac vascular lesions of unknown etiology. 
Three other patients with arterial embolism 
in Theander’s series had arterial emboli 
associated with advanced arteriosclerosis, 
but an adequate collateral circulation was 
present and apparently prevented station- 
ary waves. He, therefore, rightly concluded 
that stationary arterial waves occurred 
onky when flow of the blood and con- 
trast material is impeded. Sutton!’ has de- 
scribed the visualization of stationary 
arterial waves in several femoral arterio- 
grams, many of which were in patients with 
Buerger’s disease. According to Mayall,’ he 
later reported single examples in the mes- 
enteric, iliac, renal, and internal carotid 
arteries. Koster and his colleagues? found an 
incidence of 7 patients with “corrugated” 
arteries in over 600 patients having arteriog- 
raphy. None had thromboangittis. 
Although Foster and associates* question 
Mavyall’s theory of interface disturbance 
being the explanation for stationary arterial 
waves, Mayall’s experimental proof seems 
rational.® It would appear that stationary 
arterial waves form only when the differ- 
ence of velocity between the two lavers, 


blood and contrast medium, is sufficient to 
generate ripples but not enough to produce 
mixing. He explains the uncommonness of 
the condition by stating that the critical 
situations producing variation in velocity of 
the two liquids are rare. Mayall also attrib- 
utes the striated “string of pearls” pattern 
to the action of the contrast medium which 
at the crests of the waves is deeper than the 
troughs. He recommends that simultaneous 
frontal and lateral roentgenograms_ be 
made of stationary arterial waves. He pre- 
dicts that in lateral view the lower margin 
of the contrast layer will be a smooth line 
following the arterial wall, while the upper 
margin will be wavy.” 


SUMMARY AND CONCLUSIONS 


Stationary arterial waves were demon- 
strated in the superficial femoral arteries of 
a 29 year old woman following emboli to 
the left renal and both popliteal arteries. 
Angiocardiography showed that left atrial 
thrombi due to advanced rheumatic valvu- 
lar heart disease were the cause of these. 
Anticoagulant treatment was prescribed. 
Despite this, further embolization, cardiac 
arrhythmia, and heart failure recurred, re- 
quiring open-heart surgery for the mitral 
stenosis and removal of the atrial thrombi. 
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She was improved, although electrical con- 
version of atrial fibrillation was subse- 
quently needed. 

The case is chiefly of interest because of 
the stationary arterial waves. These have 
also been reported in the peripheral vascu- 
lar, visceral, and extracranial arteries. A 
mechanical explanation for these was pro- 
posed by Theander in 1960, and this was re- 
cently confirmed by Mayall, who, with the 
use of a glass model, demonstrated that 
disturbances of the interfaces of blood and 
contrast medium owing to rippling and ob- 
struction to blood flow produced stationary 
waves during arteriography. This theory 
confirms the innocent nature of the phe- 
nomenon and makes unnecessary intra- 


arterial medication, which was originally- 


advocated because the stationary waves 
were attributed to arterial spasm. It also 
disposes of the “enigma” of their origin and 
appearance during arteriography.* 


The New York Hospital-Cornell Medical Center 
525 East 68th Street 
New York, New York 10021 
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FIBROMUSCULAR HYPERPLASIA* 


AN ARTERIAL DYSPLASIA OF INCREASING CLINICAL IMPORTA? 





CE 


By A. J. PALUBINSKAS, M.D., DOROTHEE PERLOFF, M.D., 
and THOMAS H. NEWTON, M.D. 


SAN FRANCISCO, CALIFORNIA 


F IBROMUSCULAR hyperplasia (FMH) 

of the renal arteries producing renal 
artery stenosis and secondary hypertension 
is now a well recognized entity.?%5 80 

Although its occurrence in gues 
arteries was suggested without proof i 
1963,’ the lesion was regarded as limited to 
the renal arteries!® until 1964. In that year 
a patient with microscopically proved 
FMH of the celiac artery was reported® 
and in July, 1965, the first histologically 
proved case of FMH of the internal carotid 
arteries was published! 

In the study of a large group of patients 
with FMH of the renal arteries seen at the 
University of California Medical Center, 
two important findings have been noted. 
First, the studies confirm that the lesion 
is not limited to the renal arteries. Secondly, 
in this group of patients with FMH, there 


appears to be an increased incidence of 


intracranial aneurysms. 
The purpose of the authors is to call 
attention to these two findings and to 


stress the increasing clinical importance of 


this arterial lesion. 


ETIOLOGY 

The etiology of FMH is unknown. Al- 
though the lesion in the renal arteries 
has been seen in all ages and in both sexes, 
more than 85 per cent of the patients 
stucied at the University of California 
Medical Center were females in the young 
aduit or middle age range. The youngest 
patient with microscopically proved FMH 
of the renal arteries was a male infant of 17 
months and the oldest was a female of 56 
years. 

PATHOLOGIC CHANGES 


Wellington? has described the gross and 
histologic features of the lesion in the renal 


arteries. The most common histologic 
pattern was found to be irregular thicken- 
ing of the vessel by proliferation of smooth 
muscle and fibrous tissue of the media. 
Stenosis of the artery was produced by 
thickening of the vessel wall or by projec- 
tion of thickened septa and ridges into the 
lumen. 


ROENTGEN FEATURES 


Certain characteristic angiographic signs 
in the roentgen diagnosis of FMH have 
been stressed.’ 

First, FMH is characteristically located 
in the middle and distal thirds of the main 
renal vessel, sometimes extending into the 
branches. This location is unlike most 
atherosclerotic stenoses of the renal artery 
which ordinarily occur in the proximal part 
of the vessel at the aortic origin. 

Secondly, moderate or severe FMH le- 
sions of the renal arteries have a distinct 
angiographic appearance (Fig. 1, d-D). 
The diseased portion of the oe appears 
corrugated or pleated, resembling a string 
of beads of varying size. Aneurysms within 
the diseased segment, or separate from the 
lesion und located u the kidney itself, 
are common (Fig. 1, B and C). 


MATERIAL 


PMH IN THE RENAL ARTERIES 


Threugh 1964, 70 hypertensive patients 
with definite roentgenographic evidence of 
FMH of the renal arteries have been 
studied at the University of California 
Mecical Center in San Francisco. The le- 
sion was bilateral in about half the patients. 

Vascular surgical procedures were per- 
formed in 42 of the 70 patients and the 
FMH of the renal arteries was confirmed 
microscopically. Blood pressure returned to 
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lic. 1. (4-D) Typical arteriographic appearance of proved fibromuscular hyperplasia (arrows) of the renal 
arteries in 4 adult females with hypertension. (B and C) Aneurysms in the involved arteries. Note the 


symmetric involvement of the two renal arteries in C. 


normal or was significantly reduced in 
about 75 per cent of the operated patients. 

Figure 1, -D demonstrates the typical 
appearance of proved moderate to severe 
FMH of the renal arteries in 4 female pa- 
tients. 

FMH IN EXTRARENAL ABDOMINAL ARTERIES 

Except in rare instances, FMH lesions 
in nonrenal abdominal vessels are usually 
silent and discovered incidentally in the 
course of abdominal angiography per- 
formed for other reasons.® 

The occurrence of proved FMH in ab- 


dominal arteries other than renal is illus- 
trated by the following case report. 


Case 1, A 47 year old white woman was 
admitted to the University of California Medi- 
cal Center in December, 1963 because of 
headaches, blurring of vision in the right eye, 
and hypertension as high as 230/130 mm. Hg. 

A renal arteriogram demonstrated moder- 
ately severe FMH of the right renal artery 
with an aneurysm arising at its proximal 
branches, mild FMH in two arteries to the left 
kidney, and changes resembling minimal FMH 
in the right external iliac artery (Fig. 2). 

On the day following a differential kidney 
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function study, the patient suddenly became 
unresponsive, vital signs deteriorated rapidly, 
and cardiac arrest occurred. The cause of death 
was attributed to the anoxic effects of the car- 
diac arrest, but at postmortem examination no 
direct cause for the arrest was found. 

Microscopic study of tissues pertinent to this 
discussion revealed FMH in the renal, superior 
mesenteric, celiac, and external iliac arteries. 
There were also small saccular aneurysms ef the 
superior mesenteric and right renal arteries 
(lig. 3, 4 and B). 


FMH IN EXTRA-ABDOMINAL ARTERIES 


In July, 1965, the first case of proved 
FMH in the internal carotid arteries was 
reperted.! Three patients with bilateral 
FMH of the extracranial internal carotid 
arteries have been studied at the University 
of California Medical Center. All 3 were 
tenvales, and cerebral angiography was 
performed 


because of cerebrovascular 
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symptoms or because of asymptomatic 
bruits over the carotid arteries in the neck. 
The the extracranial internal 
carotid arteries were considered character- 
istic of FMH, but, to date, no operation 
has been performed, and the lesions have 
not been verified microscopically. One of 
the patients has proved FMH in the renal 
arteries. 

The following case report outlines the 
pertinent features of one of these 3 pa- 
tients. 


lesions in 


Case m. A 68 year old white woman was 
admitted to the University of California Medi- 
cal Center in November, 1963 with a chief 
complaint of intermittent dizziness. 

The results of the physical examination were 
unremarkable except for bilateral carotid bruits 
in the neck. 

Aortic arch arteriograms and bilateral carotid 
arteriograms demonstrated unusual changes in 
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liG. 2. Case 1. Proved fibromuscular hyperplasia (arrows) of the right renal, 
both left renal, and the right external iliac arteries (insert). 
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both extracranial internal carotid arteries, con- 
sidered typical of FMH (Fig. 4, 4 and B). 

The patient was discharged with the diagno- 
sis of cerebrovascular insufficiency secondary to 
FMH of the internal carotid arteries. To date, 
no reconstructive procedures to the carotid 
vessels have been performed. 

FMH AND INTRACRANIAL ANEURYSMS 

The exact incidence of cerebral aneu- 
rysm is not known, but most authorities 
accept a figure of 2 per cent as the probable 
incidence in the general population. 

Of the group of 70 patients studied at 
the University of California Medical Cen- 
ter with FMH of the renal arteries, 5 have 
one or more intracranial aneurysms. Of 


r 

Fic. 3. Case 1. Microscopic appearance of the fibro- 
muscular hyperplasia in the (4) right renal and 
(B) right external iliac arteries. Fibromuscular 
hyperplasia was also present in the celiac and 
superior mesenteric arteries. a=aneurysm; m= 
hyperplastic media. Magnification: Renal artery 
(X26): iliac artery (15.5). 








Fic. 4. Case 11. (4 and B) Roentgenographic appearance of both extracranial internal carotid arteries, con- 
sidered diagnostic of fibromuscular hyperplasia (arrows). Compare with proved fibromuscular hyperplasia 
of the renal artery in Figure 14. Note the selective symmetric involvement of the paired arteries. 
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these 5 patients, the FMH of the renal 
arteries was proved in 4 and was inoperable 
in the fifth. 

A sixth patient with the roentgea ap- 
pearance of FMH in both extracranial in- 
ternal carotid arteries and an intracranial 
aneurysm has also been seen. To date, this 
patient’s renal arteries have not been 
studied. 

In the following case report the pertinent 
features in one of these 6 patients is out- 
lined. 


Case 111. FMH of the renal arteries hac been 
proved in this §2 year old white womar. The 
same lesion had been diagnosed angiographic- 
ally in branches of the mesenteric and celiac 
arteries. The patient was re-admitted to the 


Medical 
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May, 1965 for investigation of bilateral carotid 
artery bruits in the neck. These had caused no 
symptoms. 

Aortic arch studies and subsequent carotid 
arteriograms demonstrated the appearance of 
FMH of both extracranial internal carotid 
arteries. An intracranial aneurysm of the right 
internal carotid artery was also present (Fig. 5, 
A and B). 

No surgical procedure was performed and the 
patient was discharged asymptomatic to the 
care of her private physician. 


ligure 6 demonstrates the findings in 
another patient whose arteriograms showed 
FMH in the right renal and external iliac 
arteries (Fig. 6, C and D) and multiple 
intracranial aneurysms (Fig. 6, Æ and B). 
The patient was a 58 vear old woman with 





bic. 5. Case ut. (4 and B) Angiographic changes considered typical of fibromuscular hyperplasia (lower 
arrows) of both extracranial internal carotic arteries. An intracranial aneurysm (upper arrow in B) of the 
right internal carotid artery is demonstrated. Fibromuscular hyperplasia of the renal arteries was proved 
in this patient and the roentgenograms skowed a similar lesion in the celiac and superior mesenteric 
arteries. Note the selective involvement of both extracranial internal carotid arteries, 
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hypertension. To date, no operation has 
been performed and the roentgenologic 
diagnosis of FMH in the renal and external 
iliac arteries has not been proved. 


DISCUSSION 


In the last decade a resurgence of interest 
in renal ischemia as a cause of serious 
hypertension has highlighted the impor- 
tance of FMH as a cause of renal artery 
stenosis and secondary high blood pres- 
sure. Only recently, however, has it been 
shown that the lesion is not limited to the 
renal arteries. Single cases of involvement 
of the celiac artery® and of the internal 
carotid artery! have been reported. Case 1 
of this report represents an example of 
proved FMH lesions in multiple abdominal 
arteries, including the renal. 

The coexistence of both symptomatic 
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and asymptomatic intracranial aneurysm 
in patients with FMH has not been investi- 
gated. The unexpectedly large number of 
intracranial aneurysms in the present 
series (8.5 per cent) in all likelihood 1s not 
coincidental. It probably reflects a relation- 
ship between the arterial dysplasia and 
intracranial aneurysms. Fewer than 15 per 
cent of the 70 patients here reported have 
had cerebral angiography. An effort 1s now 
being made to obtain elective carotid ar- 
teriograms in all patients with arterial 


FMH. 


SUMMARY 


Fibromuscular hyperplasia (FMH) is an 
arterial dysplasia of unknown etiology 
which can affect muscular arteries of small 
or moderate size in many parts of the body. 
It is most often discovered in the renal 





Fic. 6. (4 and B) Right intracranial aneurysms (arrows) in a patient with the roentgenologic diagnosis of 
FMH of the right renal and both external iliac arteries. The patient had a third intracranial aneurysm on 


the left. 
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Fic. 6. (C and D) Arteriographic appearance of fibromuscular hyperplasia (arrows) of the right renal artery. 
Compare with proved fibromuscular hyperplasia in Figure 18. Note selective symmetric involvement of 
external iliac arteries with normal aorta and common iliac and internal iliac arteries. 


arteries of young, hypertensive adult fe- 
males. Bilateral involvement of paired 
arteries appears to be common. 

Case reports of 3 patients are presented 
to illustrate the occurrence of the lesion in 
extrarenal arteries. The incidence of both 
symptomatic and asymptomatic intracran- 
ial aneurysms in a group of patients with 
arterial FMH was unusually high. 


A. J. Palubinskas, M.D. 
Department of Radiology 
University of California 

San Francisco Medical Center 
San Francisco, California g4122 
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BLOOD PRESSURE CHANGES INDUCED BY 
SUBCLAVIAN INJECTION OF METHYL- 
GLUCAMINE DIATRIZOATE 
(RENOGRAFIN)* 


By JYO HANDA, M.D.,f JOHN S. MEYER, M.D., 


DETROIT, MICHIGAN 


YVORRECT diagnosis of disease of the 
larger extracrantal arteries as a cause of 
cerebral vascular symptoms is important 
since such a condition may be remedied by 
surgery with prevention of cerebral damage. 
To diagnose this condition, arteriographic 
visualization of the large arteries in the 
upper thorax and neck is widely emploved. 
Demonstration of the great vessels such as 
the subclavian and innominate arteries, to- 
gether with the origin of the carotid or ver- 
tebral arteries, is usually achieved by 
mechanical injection of large boluses of 
contrast material at high pressure. The 
occasional occurrence of reflex hypotension 
is a calculated risk. 

Pharmacologic properties of contrast 
media including certain general cardiovas- 
cular responses have been reported by 
many authors but it might be supposed 
that rapid injection of large amounts of 
contrast material into the cephalic circula- 
tion could induce reflex responses of a 
neurogenic type. This latter possibility has 
not been adequately investigated. 

The present study was designed to exam- 
ine any changes in blood pressure following 
injection of methylglucamine diatrizoate 
(Renogratin) into the subclavian artery and 
to analyze the mechanisms of any such 
changes. 


MATERIALS AND METHODS 


Twenty adult mongrel dogs of either sex 
weighing 8-12 kg. were used. Each animal 
was anesthetized with intravenous pento- 


and KO SAKAMOTO, M.D.+ 


barbital sodium in doses of 35 mg./kg., 
which was supplemented when required. 
Atropine sulfate was wof given. An endo- 
tracheal tube was inserted and the femoral 
vein was cannulated for administration of 
drugs and fluids. 

Both carotid arteries, the right subcla- 
vian, internal thoracic, omocervical and 
femoral arteries were exposed. A PE 205 
polyethylene catheter, 60 cm. long, was 
introduced into the subcladann artery via 
the omocervical artery for injection of the 
contrast medium or saline, the tip of the 
catheter being placed at the origin of the 
right vertebral artery. 

Blood pressure was recorded by Statham 
pressure transducers* connected to cathe- 
ters threaded into: (1) the abdominal aorta 
via the femoral artery, (2) the carotid 
bifurcation via the external carotid, and (3) 
the right subclavian artery via the internal 
thoracic artery. Records of blood pressures 
were made with a Grass Model V Polv- 
graph. 

When artificial respiration was neces- 
sary, a Harvard Variable Speed Respiratort 
was used. Immobilization was obtained by 
intravenous injection of $-7 mg./kg. of 
gallamine triethiodide. { Injection of the 
contrast medium or saline was performed 
by a Cook Automatic Pressure Injector$ 
with a 10 cc. metal syringe set at gauge 

“Statham Instruments, Puerto Rico, Model P23DB. 

+ Harvard Variable Speed Respirator, Model 604, 
Apparatus Co., Inc., Dover, Massachusetts. 


$ Flaxedil, Davis & Geck, Danbury, Connecticut. 
3 Cook Ine., 300 Swain Ave, Bloomington, Indiana. 


Harvard 


* From the Department of Neurology, Wayne State University Schoo! of Medicine, the Wayne Center for Cerebrovascular Research, 


Harper Hospital and the Detroit General Hospital, Detroit, Michigan. 


This study was supported by grants from the United Siati Pubhe Health Service and Detroit General Hospital Research Corp. 
f Fellows of the Michigan Heart Association, Dr, Handa's present address is the Department of Neurosurgery, Kyoto University 


Medical School, Kyoto, Japan. 
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lG. 1. Effect of injection of saline (4 and C and 60 per cent renografin (B and D) into the right subclavian 
artery on blood pressures in the right and Eft carotid, and right subclavian arteries and the aorta. Depres- 
sion of blood pressure was observed after injection and was augmented after bilateral carotid sinus denerva- 


tion. Time scale is in seconds. 


pressures ranging from 5 to ṣo lbs. /in*. 

In several dogs the common carotid or 
femoral artery flow was measured continu- 
ously by means of a Microflo electromag- 
netic howmeter.|| 


RESULTS 


GENERAL PATTERN OF BLOOD PRESSURE RESPONSE 


Immediately after the injection of 5o per 
cent methylglucamine diatrizoate  “reno- 
grafin) into the right subclavian artery, the 
bleod pressures in the right subclavian, 
both carotid arteries and aorta all increased 
sharply but transiently. 

Elevation of the blood pressure was zreat- 
estin the subclavian artery. The magnitude 
of increase in blood pressure within the 
carotid arteries and the aorta, however, 
was not the same. Carotid and aortic blood 
pressures often showed a short delay before 
the elevation (Fig. 1, 7D). 

The blood pressure returned to the pre- 
injection levels in 2—5 seconds, followed by 
a period of hypotension lasting for 19 sec- 
onds to 2 minutes, after which the pressure 
regained pre-injection levels. The second 


|| Medicon Division of Statham Instruments, Inc., Los Angeles, 
California. Model M-goor. 


phase of hypotension was often associated 
with an increased pulse pressure and brady- 
cardia. In some cases, the hypotensive 
phase was biphasic (Fig. 1, B and D). 
During the first injections in 3 dogs, no 
depression of the blood pressure was ob- 
served but it remained elevated for 10-30 
seconds betore returning to the pre-injec- 
tion levels. In the same 3 dogs, however, 
typical hypotensive responses were ob- 
served in later experiments. This mono- 
phasic response has also been described by 
Lindgren and Törnell’ and Lin, Krichetf and 
Chase,’ but its mechanism is not clear. 


INITIAL INCREASE IN BLOOD PRESSURE 


The degree of blood pressure elevation 
correlated with both the injection pressure 
(gauge pressure) and the volume of reno- 
grafin injected. Results with 1, 2, 3, 5 and 
lo cc. of 60 per cent renografin at 5o lbs. / 
in. are shown in Figure 24. Artificial respira- 
tion was not used in this series. 

The magnitude of blood pressure eleva- 
tion was proportional to the volume of con- 
trast material injected within the range of 
1—¢ cc. The rise of blood pressure following 
injection of 10 cc. of 50 per cent renografin, 
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Fic. 2. Relationship between the magnitude of blood pressure elevation (4) and of secondary hypotension 
(B), and the volume of 60 per cent renografin injected. 


O = Mean of 2-3 experiments in each dog. 
© = Mean of all experiments. 


however, was much the same as the increase 
following 5 cc., although after injection of 
10 cc. or more, the duration was longer. 

When the injection pressure was in- 
creased from 5 lbs./in.? to so lbs./in.? with 
the volume constant, the increase of blood 
pressure was proportional to the gauge 
pressures. 

Similar results were obtained with injec- 
tion of saline. The magnitude of blood pres- 
sure elevation was approximately the same 
for either saline or 60 per cent renografin, 
provided the volume and the injection pres- 
sure were the same. 


SECONDARY DEPRESSION OF BLOOD PRESSURE 


Maximal decreases of blood pressure 
following injection of 1, 2, 3, § and to cc. of 
6o per cent renografin at 50 lbs./in.? were 
plotted (Fig. 28). No depression of blood 


pressure was observed after injection of 1 
cc. of the contrast material except once. 
When the volume was increased to 2, 3 and 
§ cc., hypotension became progressively 
greater, but the decrease in blood pressure 
after injection of 10 cc. of the contrast ma- 
terial was much the same as following § cc. 
Hypotension tended to last longer, the 
larger the amount of contrast material used 
(Fig. 2B). 

In 5 out of 15 dogs, the blood pressure 
decreased significantly following the injec- 
tion of normal saline (Fig. 14); in the re- 
maining 10 no significant decrease of blood 
pressure was observed. 


EFFECT OF CAROTID SINUS DENERVATION 
ON SECONDARY HYPOTENSION 


In 8 dogs, the hypotension was compared 
before and after the denervation of the 
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carotid sinuses. Completeness of denerva- 
tion was checked by noting the elevation of 
bhood pressure level following sinus nerve 
section and also by temporarily occluding 
the common carotid artery and noting 
abolition of any blood pressure change. In 
this group respiration was maintained 
mechanically. 

In 7 experiments hypotension was more 
marked after sinus denervation (Fig. 1, 4 
and C; and 1, B and D). In 3, hypotension 
did not change significantly, the changes 
being only 1, 1, and 3 mm. Hg, respectively 
(Fig. 34). Although the duration of hypo- 
tension was variable between animals, it 
tended to become more prolonged after 
sinus denervation, 


EFFECT OF VAGOTOMY ON SECONDARY HYPOTENSION 


In 5 dogs, hypotension was compared 
before and after bilateral vagotomy. Each 
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animal was tested both for 6o per cent ren- 
ografin and normal saline. The decrease in 
the blood pressure became greater in only 1, 
became smaller in 6, and remained much 
the same in 3 (Fig. 38). 

When vagotomy was performed bilat- 
erally in addition to previous carotid sinus 
denervation, hypotension became greater 
in 2 and lower in the remaining 3 (Fig. 4B). 
When compared with the response with 
both carotid sinus and vagus nerves in- 
tact, the degree of hypotension was always 
greater after sinus denervation plus va- 
gotomy (Fig. 34). 


EFFECT OF TRANSECTION OF THE 
CERVICAL SPINAL CORD 
In 5 artificially ventilated dogs, carotid 
sinus denervation and vagotomy were per- 
formed bilaterally and the spinal cord was 
transected at C1. Normal saline containing 
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Fic. 3. Effect of carotid sinus denervation, and sinus denervation plus vagotomy (4), and vagotomy (B), on 


the magnitude of blood pressure depression. 
O = Mean of 2-3 experiments in each dog. 


S= Injection of 5 cc. of normal saline at 30 |bs./in.”. 


R= Injection of § cc. of 60 per cent renografin at 30 lbs. /in.?. 
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Fic. 4. Effect of injection of 60 per cent renografin on aortic blood pressure after bilateral carotid sinus 
denervation (4), sinus denervation plus vagotomy (B), and sinus denervation, vagotomy plus spinal cord 


section at Cr (C). 


a small amount of epinephrine was admin- 
istered by a slow intravenous drip to main- 
tain blood pressure. 

The hypotensive phase following the in- 
jection of renografin was abolished com- 
pletely by spinal cord transection in 3 
animals, and in i the magnitude of decrease 
in the blood pressure was reduced to a min- 
imum (Fig. 4C). In the remaining 1, hy- 
potensive responses of moderate degree 
were still observed after cord section. 


CHANGES IN COMMON CAROTID 
AND FEMORAL ARTERY FLOW 


Following the injection of renografin, the 
blood pressure decreased in all 6 dogs in 
which the blood flow was measured either 
in the common carotid or femoral artery. 
In 4 dogs the flow in both arteries increased 
moderately or remarkably during the hy- 
potensive phase (Fig. 5C) and in 2 the ar- 
terial blood flow remained unchanged de- 
spite significant hypotension (Fig. 58). In 
no instance was there any decrease in flow. 

Following the injection of normal saline, 
a decrease in the blood pressure was not 
observed in 5 dogs, and the arterial flow 
also remained unchanged. In 1 dog, the 
blood pressure showed a decrease in a few 
experiments and remained unchanged in 


the other. The increase in arterial flow was 
observed only in cases where the blood pres- 
sure decreased (Fig. 5.4). 


DISCUSSION 


A transient elevation of the blood pres- 
sure immediately after injection of either 
renografin or saline appears to be attribut- 
able to hydraulic factors accompanying the 
forceful injection of a large bolus of fluid 
at high pressure, rather than to specific 
neurogenic factors or pharmacologically 
determined cardiovascular effects. 

In the present study, injection was made 


-into the subclavian artery at a high pres- 


sure, and it seemed probable that the in- 
jection affected the sinus nerve and/or the 
aortic arch depressor nerve mechanism. 
However, the results of bilateral carotid 
sinus denervation indicated that the car- 
otid sinus reflex is not a primary factor’ 
causing hypotension. This conclusion is in 
agreement with the results of Browne and 
Stern,’ Lindgren and Tornell,* Robb and 
Steinberg,® and others. It by no means fol- 
lows, however, that the carotid sinus reflex 
plays no role in the blood pressure response 
after angiography. When the responses 
were compared before and after sinus de- 
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nervation, hypotension was greater and 
more prolonged after denervation. This was 
attributed to the loss of the baroreceptive 
reflex of the carotid sinus. 

Although the bradycardia can be 
ascribed to the vagal mechanism, the vagus 
nerves alone could not explain the hypoten- 
sive response. 

It is well known that the injection of 
radiopaque media is followed by dilatation 
of the vascular beds in most of the organs, 
including the brain.*:*:!° Thus, in reporting 
a tall of the blood pressure following an- 
giagraphy, Dotter and Steinberg, Lin, 
Krchett and Chase, and Maluf and 
McCoy? all attributed the hypotension to 
peripheral vasodilatation. It has been 
stated that the vasodilatation is due to 
direct action of the contrast media on the 
smooth muscles of the vessels. 

In the present study, a significant rise of 
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carotid and femoral artery flow after in- 
jection of renografin was confirmed. How- 
ever, when the same amount of contrast 
material was injected into the aorta, the 
increase in peripheral blood flow was ac- 
companied by hypotension of a much 
smaller degree. Furthermore, injection of 
normal saline into the subclavian artery 
also resulted in a remarkable hypotensive 
response with an increased peripheral 
blood flow (Fig. 54), which again was not 
reproduced when saline was injected into 
the aorta. 

In another series of experiments reported 
elsewhere,’ the systemic blood pressure and 
cerebral blood flow were measured during 
intracarotid injection of renografin in Rhe- 
sus monkeys. The carotid sinuses were de- 
nervated and a PE go polyethylene cath- 
eter was introduced into the carotid bi- 
furcation via the external carotid artery for 
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Fic. §. Ettect of intrasubclavian injection of saline and 60 per cent renografin on blood pressure and left caro- 
tid or femoral artery flow. In 4, saline injection resulted in blood pressure depression and an increase in 
common carotid flow. In B, after injection of 6o per cent renografin, the blood pressure decreased signifi- 
cantly and the common carotid flow remained stable. In C, saline injection did not result in any blood 
pressure decrease and the femoral artery flow remained stable. Following 6o per cent renografin injection, 
the blood pressure showed a decrease associated with an increase in femoral artery flow. Time scale in 


seconds. 
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Fic. 6. (A-F) Effect of intracarotid injection of 60 per cent renografin on internal carotid blood 
flow and systemic blood pressure (aorta) in the Rhesus monkey. 
injection. As shown in Figure 6, Æ4-¥F, hy- the carotid and vertebral arteries or di- 


potension associated with bradycardia and 
an increase in cerebral blood flow was ob- 
served. 

With this experimental set-up, backflow 
of the contrast material into the common 
carotid artery during retrograde injection 
is possible, as indicated by a temporary 
downward deflection of the flowmeter read- 
ings. (The flowmeter probe was placed on 
the common carotid artery with its external 
carotid branches ligated). When the small 
amount of contrast medium used was con- 
sidered (for example 0.3 cc. in Fig. 68), the 
severe hypotension with no latent period 
after injection could hardly be attributed 
to systemic redistribution of the medium 
with systemic vasodilatation due to direct 
effects of the contrast material on vessels. 
Moreover, intravenous injection of the 
same amount of contrast medium resulted 
in hypotension of lesser degree. 

Under the conditions of retrograde ca- 
rotid artery injection as well as injection 


into the subclavian artery near the origin of 


rectly into the carotid artery, it therefore 
seemed reasonable to assume that the con- 
trast medium or saline passed through the 
cerebral vascular beds and influenced cer- 
ebral vasomotor centers. 

In an attempt to study the role of the 
central nervous system as a possible cause 
of the blood pressure fall, the spinal cord 
was transected at C1 in addition to carotid 
sinus denervation plus vagotomy. In this 
preparation, the hypotensive response fel- 
lowing the injection of renograflin was 
abolished or reduced to a minimum ‘in 4 
out of § dogs. 

This conclusion conforms with the find- 
ings of Lindgren and Tornell® and supports 
the view that the fall in blood pressure after 
intracerebral injection of fluid materials 1s 
mediated by nervous mechanisms which 
were evoked by perfusion of the cerebral 
vascular bed. The present study does not 
provide information concerning regions of 
the brain responsible for the central hy- 
potensive response. 
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SUMMARY 





1. Transient increase in blood pressure 
folowed by a secondary hypotensive re- 
sponse and bradycardia was observed after 
rapid injection of contrast material or sa- 
‘ine into the subclavian artery in the dog. 
Peripheral vasodilatation was noted. 

2. The transient and prompt elevation 
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THE OSMOTIC EFFECTS OF OUROGRAFIN 76 PER 
CENT AND ISOPAQUE 60 PER CENT IN 
| ANGIOCAR DIOGRA PHY* 


By LARS BJORK 


UPSALA, SWEDEN 


ODERN contrast media used in 

angiocardiography have a remark- 
ably low toxicity. This had lead to a ten- 
dency to increase the doses in these exam- 
inations and also to increase the number of 
injections in one diagnostic session: How- 
ever, the procedure is not without risks and 
even deaths are reported following rapid 
intravascular injection of contrast media in 
patients. Such injections have a marked 
osmotic effect as shown by Cotrim in 1954.” 
Later Iseri, Kaplan, Evans and Nickel,’ 
Standen, Nogrady, Dunbar and Gold- 
bloom,’ and others had also demonstrated 
marked osmotic effects of injection of con- 
trast media, resulting in acute expansion of 
the plasma volume. The purpose of this 
investigation was to study the plasma vol- 
ume expanding effect of the 2 contrast 
media currently used in our routine angio- 
cardiographic examinations. 


MATERIAL AND METHODS 


The material consists of 48 unselected 
patients who had angiocardiography per- 
formed as part of a routine preoperative 
evaluation for cardiac disease. The pa- 
tients’ ages varied from 14 to 75 years; 15 
were women and 33 were men. In one-half 
of the cases isopaque 60 per cent* (sodium 
metrizoate with calcium and magnesium 
metrizoate added) was used and in the 
other half urografin 76 per centt (sodium— 
methylglucamine amidotrizoate). In 7 pa- 
tients only one injection of contrast medium 
was made, in 14 two injections, in 13 three 
injections, in II patients four, and in 3 
five injections. Most of the injections were 
made into the left side of the heart, t.e., 


* Tsopaque 60%, Nyegaard & Co. AS, Oslo, Norway. 
t Urografin 76%, Schering A. G., Berlin, Germany. 


into the left atrium, left ventricle or aorta. 
In only 7 cases, the injections were made 
into the right side of the heart. 

Usually, there was an interval of 10 to 15 
minutes between each injection of contrast 
medium. The injections were made through 
gray Odman-Ledin catheters or in a few 
instances through NIH-type catheters. The 
pressure in the injector was adjusted so 
that similar amounts of iodine per time 
unit were injected with 2 contrast media. 
The speed of the injection was approxi- 
mately 35 ml./sec. The highest dose of 
contrast medium used in any patient was 
3.5 ml. per kg. body weight. This high dose 
was divided into 4 or § separate injections. 
No single dose of contrast medium was 
higher than 1.2 ml. per kg. body weight, 
and when repeated injections were used no 
single dose was higher than 0.8 ml. per kg. 
body weight. 

In each patient hematocrit readings were 
obtained immediately before the injection 
of contrast medium and approximately I 
minute after each injection and 15 and 30 
minutes after the last injection of contrast 
medium. In a few cases, values were ob- 
tained as late as 8 hours after the injection. 
The blood for the tests was drawn through 
a catheter in the ascending aorta, and an 
International microcapillary centrifuge and 
reader were used to determine the hemato- 
crit. 


RESULTS 


The results are summarized in Figures 1, 
A and B; and 2. It is obvious that injections 
of both urografin 76 per cent and isopaque 
60 per cent produced a considerable de- 
crease in hematocrit values. 

With urografin (Fig. 14), the mean de- 


* From the Department of Diagnostic Radiology (Director: Prof. F. Knutsson), University Hospital, Upsala, Sweden. 
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crease was 18.5 per cent from the control 
value obtained immediately before the in- 
jection of contrast medium. Individual 
variations were from 4 to 33 per cent. With 
isopaque (Fig. 1B), the mean decrease was 
15.6 per cent with individual variations 
trom 7 to 32 per cent following one single 
injection of contrast medium. The decrease 
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liG. 1. Decrease in hematocrit (per cent of pre-in- 
jection values) following angiocardiography with 
(4) urografin 76 per cent and (B) isopaque 60 
per cent. 
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lic. 2. Decrease in hematocrit following angiocar- 
diography (per cent of pre-injection values). 
Maximum decrease occurs approximately 6o 
seconds after injection. 


following repeated injections was less pro- 
nounced with both contrast media. There 
was a fairly rapid restitution of the hemato- 
crit values to the original ones. This was 
already seen 15 minutes after the last in- 
jection of contrast medium. The values 
were closer to normal and some of them 
above the original value. After 30 minutes, 
a tendency to “overshoot” was seen. In the 
cases studied for longer periods, moderate 
changes in hematocrit sometimes per- 
sisted for several hours after the injection 
of contrast medium. 

In a special study, hematocrit readings 
were obtained as rapidly as possible follow- 
ing the injection of contrast medium and 
then with close intervals up to the first 4 
minutes. It was found that the maximum 
changes in hematocrit occurred approxi- 
mately I minute after the injection (Fig. 2). 

No complications occurred in this series. 
The patients’ subjective symptoms were a 
slight or moderate headache and a sensation 
of warmth following the injection of con- 
trast medium. No vomiting or shock 
occurred. In 2 cases a slight allergic skin 
reaction was noted. Electrocardiographic 
changes of previously described type were 
noted in some cases, but they were all slight 
and transient. These slight subjective and 
objective side effects were no more fre- 
quent after repeated injections than after 
the first one, and they were equally fre- 
quent with both contrast media. 


DISCUSSION 


The decrease in hematocrit is mainly ex- 
plained by an acute expansion of the 
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Frc. 3. Relation between dose of contrast material 
and decrease in hematocrit. 


plasma volume caused by the injection of 
the hyperosmotic contrast medium into the 
vascular system of the patients. Iseri eż a/.* 
and Standen ef a/.4 found good correlation 
between the increase in plasma volume and 
the decrease in hematocrit in similar studies, 
The changes in hematocrit found in this 
material were more marked than those 
previously reported. This may be explained 
by differences in size of material, injection 
techniques, techniques for obtaining sam- 
ples for hematocrit determinations and 
dose of contrast medium. Standen ef al. 
studied 8 children following slow intrave- 
nous injection of average doses of 4.7 ml. 
per kg. body weight and the samples for 
hematocrit determinations were drawn from 
a peripheral vein. Iseri eż al.’ studied 8 pa- 
tients after aortic injections of smaller 
amounts of contrast medium than those in 
the present study. However, in principle, 
the changes in hematocrit in this material 
and in the previous reports are similar. 
Following a rapid intravascular injection of 
contrast medium, there is a decrease in 
hematocrit, reaching the maximum approx- 
imately 60 seconds after the injection and 
then slowly returning to normal values 
within 15 to 30 minutes. 

There were great individual variations in 
the decrease of the hematocrit following in- 
jection of similar doses of contrast medium 
in different patients. There is almost a 
complete absence of correlation between 
dose and the decrease in hematocrit. A 
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dose as small as 0.2 ml. per kg. body weight 
resulted in an 8 to 18 per cent decrease in 
hematocrit and a dose § times as high gave 
a decrease varying from 5 to 23 per cent 
(Fig. 3). Also, in the same patient there 
were variations in the decrease of hemato- 
crit from time to time. In 1 patient identi- 
cal injections of isopaque 60 per cent. were 
made within an interval of § week. During 
the first injection, the decrease in hemato- 
crit was 25 per cent and during the second 
only 10 per cent. When the Io patients with 
a decrease in hematocrit of 25 per cent or 
more were compared with the 9 patients 
with a decrease in hematocrit of less than 
1o per cent, it was found that 8 patients in 
the first group but none in the second had a 
reduced physical working capacity. These 
8 patients were also clinically assessed as in 
a poorer functional state than the g in the 
second group. Two of the 8 patients had 
slight pretibial edema on admission to the 
hospital and all 8 lost 2 kg. or more. in 
weight during their first week in the hos- 
pital. This indicates the presence of an in- 
creased amount of free extracellular fluid in 
these patients and this could explain their 
marked hypervolemic response to injection 
of hyperosmotic contrast medium. There 
was no obvious correlation between de- 
crease in hematocrit and age, sex or other 
clinical or laboratory data. Practically all 
of the pre-injection hematocrit values were 
within the normal range. Only 2 patients 
with tetralogy of Fallot had hematocrits 
above 60 and 1 woman had a hematocrit of 
only 28. The decrease in hematocrit in these 
3 cases was not different from that in the 
others. 

The effect of repeated injections was not 
as cumulative as expected (Fig. 1, Zand B; 
and 2). This may be explained by the in- 
terval of 10 to 15 minutes usually occurring 
between the injections. In this interval, a 
normalization of the changes had time to 
occur. It is also possible that the sources of 
free extracellular fluid became exhausted by 
the first injection and, if this is true, the 
response to repeated injections would be 
less than to the first one. 
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It is obvious that very marked changes 
in the blood volume may occur following a 
single injection of contrast medium. These 
changes in blood volume are sufficient to 
explain the changes in the cardiac pressures 
and in cardiac output noted after angio- 
cardiography (Brown, Rahimtoola, Davis 
and Swan, and others). The sudden ex- 
pansion of plasma volume immediately after 
the injection of contrast medium 1s some- 
times considerable and could cause over- 
distention of the heart with preciprtation 
of acute cardiac f : 
arrythmias. This mechanism could well ex- 
plain some of the cases of death following 
angiocardiography. 

It was remarkable that the patients with- 
stood the sometimes very marked acute 
changes in plasma volume without obvious 
signs of distress and that no serious side 
effects occurred. However, one must be 
aware of the risk of serious complications fol- 
lowing even small doses of contrast medium. 
Since the osmotic effects are unpredictable, 
close observation of the patient following 
each injection of contrast medium is neces- 
sary. This is particularly important in pa- 
tients in a poor functional state with a ten- 
dency to edema, where the osmotic effects 
can be expected to be more marked than in 
other patients. Whenever there are clinical 
signs of acute hypervolemia or whenever 
intracardiac pressures are increased to un- 
usually high level following angiocardiog- 
raphy, repeated injections of contrast me- 
dium should be avoided. If repeated injec- 
tions are contemplated, an interval of at 
least 15 minutes should be allowed be- 
tween injections. When serious complica- 
tions occur following angiocardiography, it 
is important to know that such complica- 
tions may be caused by acute hyper- 
volemia. The treatment of such concitions 
must then, among other things, be directed 
against the hypervolemia. 

It would seem possible that the head- 
ache experienced by some of the patients 
following angiocardiography may be ex- 
plained by the osmotic effects of the con- 
trast medium, causing dehydration of the 


failure or initiation of 


brain resulting in a decrease in intracranial 
pressure. In this material some of the pa- 
tients with a moderate headache following 
angiocardiography had a marked decrease 
in hematocrit. However, the evaluation of a 
subjective symptom like headache is very 
dificult and the correlation between the 
osmotic effects of the contrast medium and 
the headache is uncertain. 

The statistically significant difference 
between the decrease in hematocrit follow- 
ing injections of urografin 76 per cent and 
isopaque 60 per cent is interesting. This 
diference is explained by ditterent osmotic 
activity of the 2 contrast media. There is a 
diference in size of the molecules and prob- 
ably also a difference in degree of dissocia- 
tion of the contrast medium in the blood. 
This difference in osmotic activity may, in 
part, explain the lower toxicity of isopaque 
60 per cent compared to that of urografin 76 
per cent found in animal experiments, par- 
ticulary in small animals. However, in this 
clinical material the shght difference in 
osmotic activity had no observable effect. 

It is obvious that the interpretation of 
angiograms obtained during repeated in- 
jections of contrast medium must be crit- 
ical. [f an interval of less than 30 minutes 
is allowed to pass between repeated injec- 
tiens of contrast medium, the hemody- 
namic conditions during the second injec- 
tion may be different from the basic ones, 
This may particularly influence the evalua- 
tien of valvular function and the deter- 
mination of the volumes of the cardiac 
chambers. It is also important to know that 
even a small test dose given to confirm the 
position of a catheter, under untavorable 
conditions, may cause a considerable in- 
crease in the circulating blood volume and, 
consequently, change the hemodynamic 
status of the patient. 


SUMMARY 


In 48 patients, an average 17 per cent 
decrease of hematocrit values, indicating a 
considerable increase in circulating blood 
volume, was found after angiocardiography. 
The individual response varied from 4 to 33 
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per cent and was rather unpredictable, but 
the most severe changes were generally 
found in patients with a decreased physical 
working capacity and with a tendency to 
develop edema. The changes reached their 
maximum approximately I minute after the 
injection of contrast medium, and after 15 
to 30 minutes there was generally a nor- 
malization of the hematocrit. The acute 
hypervolemia may explain some of the com- 
plications observed after angiocardiog- 
raphy and may also account for the dif- 
ficulties encountered in the interpretation 
of angiograms obtained after repeated in- 
injections of contrast medium. Urografin 
76 per cent gave an average decrease in 
hematocrit of 18.5 per cent as compared to 
a 15.4 per cent decrease with isopaque 60 
per cent. The slightly higher osmotic ac- 
tivity of urografin 76 per cent made no 
observable difference in this clinical mate- 
rial. 
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THE EFFECTS OF ANGIOTENSIN ON RENAL 
VASCULARITY IN DOGS* 
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NEW YORK, NEW YORK 





NGIOTENSIN HH (hypertensin II) is 
an octapeptide, presumably resulting 
tram renal secretion of an enzyme (renin). 
Renin apparently arises from the juxta- 
glomerular apparatus of the kidnevs in re- 
sponse to low renal blood flow and is related 
to the need of the kidney for additional 
hlsration pressure. Renin acts on a plasma 
alpha-2-globulin (hypertensinogen) to pro- 
duce a decapeptide (angiotensin I) which 
shows no constrictive activity on isolated 
blood vessels. Another enzyme in the blood 
stream (an angiotensin “activator’’) splits 
of the two terminal amino acids of the 
decapeptide to produce the active com- 
pound, angiotensin II. The terms angio- 
tensin and hypertensin are used inter- 
changeably. After elucidation of its chem- 
ical structure, angiotensin has been syn- 
thesized. The activity of synthetic angio- 
tensin If is exactly the same as that in the 
natural form. 

Synthetic hypertensin has been used 
clinically for the treatment of shock with 
variable reported results. del Greco and 
Jonnsont reported that angiotensin is the 
most effective pressor agent available, with 
an activity 200 times that of metaraminol 
in respect to the pressor effect. In 3 of their 
21 patients, there were data concerning 
urinary excretory function; the urine out- 
put was not reduced either during or fol- 
lowing the administration of angiotensin 
H. 

Nassif ef al.” also reported favorably on 
the use of angiotensin IL in the treatment of 
Aypotensive states. They suggested that 
angiotensin probably increased and certain- 
ty did not interfere with urine flow. 

Udhoji and Weil? questioned the useful- 
ness of angiotensin for the treatment of 


shock. They reported that the renal effects 
of angiotensin tend to accentuate the cir- 
culatory defect that occurs during shock- 
t.e., reduction in renal blood flow, decreased 
glomerular filtration rate, increased filtra- 
tion fraction and lowered urine volume. 
They concluded that the deleterious effects 
of angiotensin on renal function are more 
pronounced than those of the sympathomi- 
metic amines. 

Corcoran and Page? infused angiotensin 
into conscious, trained dogs with explanted 
kidneys. Their demonstration of increased 
arterial pressure, decreased renal blood flow 
and increased extraction of inulin from the 
blood suggested that the drug had produced 
vasoconstriction of the efferent glomerular 
arterioles. 

similarly, Finnerty® demonstrated a va- 
soconstrictive effect of angiotensin on post- 
glomerular segments. In subjects without 
cardiovascular disease, angiotensin infusion 
resulted in marked decrease in renal blood 
How, moderate decrease in filtration rate, 
slight decrease in urinary volume and in- 
crease in filtration fraction. 

Katz ef al.’ reported that subcutaneous 
administration of angiotensin to rats fora I 
to 2 week period produces histologic 
changes in the interlobar arteries and the 
afferent glomerular arterioles. 

Bvrom! reported that single intravenous 
injections of very large doses of angiotensin 
cause acute medial necrosis of large renal 
arteries in the rat. 

Angiotensin apparently has a direct stim- 
ulant action on the smooth muscle of the 
vascular system. It acts on the vascular 
tree at a different site and through a differ- 
ent set of chemical receptors than do the 
catechol amines such as epinephrine and 
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norepinephrine; its precise site and mode of 
action are unknown at present. In normo- 
tensive subjects it allegedly causes a de- 
crease in glomerular filtration and urine 
output, whereas in patients in shock an in- 
crease in urine volume may occur. 

Neri et al. studied the effects of small 
doses of hypertensin II on the renal cir- 
culation in dogs, using 0.5 to 1.0 wg. per kg. 
intravenously in single dose or 4 to 6 ug. per 
minute in intravenous drip infusion. They 
performed aortography with an organic 
iodide contrast medium (urografin). They 
reported a constriction of the smaller renal 
arteries and glomerular capillaries with a 
marked delay of the nephrographic phase. 

In previous studies,*? renal angiography 
was used to investigate the effects of epi- 
nephrine, levarterenol and metaraminol on 
renal vascularity in the dog. In small doses 
epinephrine and levarterenol caused va- 
soconstriction of peripheral renal vessels 
with dilatation of the main renal artery and 
of the interlobar arteries, prolongation of 
the arterial phase with late filling of the 
veins, and diminution of the intensity of 
the vascular nephrogram. On the other 
hand, as far as could be judged from the 
angiogram, small intravenous doses of 
metaraminol (0.05 to 0.1 mg. per kg.) 
caused no decrease in renal blood flow. In 
large doses, all 3 of the tested sympathom- 
metic amines produced similar changes, 
suggesting increased renal vascular resis- 
tance with a major effect on the main renal 
arteries. There was sudden and marked 
constriction of the main renal artery at or 
near its bifurcation, attenuation of the in- 
terlobar arteries, decrease in intensity of 
the nephrogram, poor opacification of the 
intrarenal and main renal veins and evi- 
dence of slowed circulation. 

In the studies now reported, angiotensin 
was investigated in respect to its effects on 
renal vascularity as compared to the ac- 
tions of the sympathomimetic amines. In 
order to compare effects produced by angio- 
tensin, levarterenol and metaraminol, it 
should be noted that the relative potency of 
these three drugs has been reported in the 
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literature in respect to their pressor re- 
sponse,’ ® 7:1012 angiotensin being the most 
potent of the 3. As judged by weight, 1 unit 
of angiotensin produces a pressor effect 
equivalent to that produced by 1 to 17 units 
of levarterenol, and 30 to 100 units of 
metaraminol. The actual relationship of 
these drugs apparently varies with the 
hemodynamic state of the tested subjects. 
Thus, Finnerty® reported that in normo- 
tensive and hypertensive patients angio- 
-ensin is about 10 times as potent as levar- 
terenol in changing arterial pressure and 
heart rate, whereas with patients in shock 
angiotensin 1s only 2 to 3 times more potent 
than levarterenol. 





1 


Fic. 1. (4) Control aortogram 3 second after the in- 
jection of thorotrast (4 second film). (B) Thoro- 
trast aortogram, 1} second film, after intravenous 
administration of angiotensin, § ug. per kg., shows 
dilatation of the aorta, the lumbar vessels, the 
main renal arteries as well as the interlobar ar- 
teries. 
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TECHNIQUE 


As described previously,’ total or selec- 
tive renal angiography was done on dogs, 
using thorotrast as the contrast medium. 
Reproducibility of the injection factors was 
assured in respect to speed of delivery of 
the bolus of the opaque medium, amount of 
contrast material delivered and initiation of 
the roentgenographic exposures at the same 
time in the course of the injection. Intra- 
aortic blood pressure was continuously 
monitored during an experiment. Single 
dose intravenous administration cf the 
tested drug was employed with the amount 
of angiotensin made up to § cc. with saline 
in all injections. Angiography was per- 
formed at the height of the blood pressure 
response, 30 to 60 seconds after completion 
of the intravenous injection. Hypertensin- 
CIBA (angiotensin amide) was used; this 
synthetic material has been shown to be 
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lic. 1. (C) Control aortogram, 2 second film, 
shows good nephrogram bilaterally. (D) 
Control aortogram, 35 second film, shows 
good venous opacification of both kidneys. 
(E) Post-angiotensin aortogram, 34 second 
film (2 seconds after B), shows no nephro- 
gram and, as yet, only poor venous opacifi- 
cation, 


identical pharmacologically and physiolog- 
ically to naturally occurring angiotensin II. 


RESULTS 


In dosage of 0.5 to 45 wg. per kg., angio- 
tensin produced similar changes, consisting 
of dilatation of the main renal and inter- 
lobar arteries, decrease in the intensity of 
the vascular nephrogram, prolongation of 
the phases of circulation with late and re- 
latively poor opacification of the intrarenal 
and main veins. The prolonged arterial 
phase, the less intense nephrogram and the 
appearance of the venous segments all indi- 
cate diminished renal blood flow (Fig. 1, 4- 
E). In no experiment was there constriction 
of the main renal artery or its major 
branches, as had been seen with the high 
doses of epinephrine, levarterenol and 
metaraminol. Regardless of dose, the vas- 
oconstrictive action of angiotensin appears 





lig. 2. (4) Control selective angiogram, 1 
seconds after the injection of thorotrast (1; 
second film). (B) Thorotras= angiogram, 1 
second film, after intravenous administra- 
tion of angiotensin, 45 wg. per kg., shows 
dilatation of the main reral artery with 
slower filling of dilated interlobar arteries. 
(C) Post-angiotensin angiogram, 3 second 
film (14 seconds after B), shows dilatation of 
the interlobar arteries. There is absence of 
the cortical nephrogram as seen in the 1} 
second film of the control angiogram (4). 


veto 


tol t 
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to be on vessels peripheral to the interlobar 
arteries (Fig. 2, 4, B and C). In our normal 
dogs, the potency of angiotensin was simi- 
lar to that of levarterenol in respect to in- 
creasing the mean blood pressure. Angio- 
tensin in dose of 5 ug. per kg. raised the 
mean blood pressure about 105 mm. Hg; 
levarterenol in dose of § wg. per kg. caused a 
rise of about 85 mm. Hg. Yet, although 
angiotensin and levarterenol appear similar 
(on a weight-dose basis) in their effects on 
systemic blood pressure in the normal dog, 
levarterenol appears more potent in re- 
lation to effects on renal vascularity. Angio- 
tensin in dose up to at least 45 ug. per kg. 
produced changes seen with much smaller 
doses of levarterenol (e.g., 1 wg. per kg.). 


Levarterenol in dose of 45 ug. per kg. ef- 
tected changes on the major branches of the 
renal artery; such dramatic changes were 
not seen with similar doses of angiotensin. 
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Previous investigations®’® indicated that 
epinephrine, levarterenol and metaraminol 
have a direct action on the renal vessels and 
do not produce their effects merely by way 
of increased blood pressure. Similar studies 
were done with angiotensin. Bilateral selec- 
tive renal angiography was done with a 
separate catheter introduced into each 
femoral artery, the thorotrast being in- 
jected simultaneously into both renal ar- 
teries through a Y-connector from the auto- 
matic injector to both catheters. After the 
control series, repeat bilateral angiography 
was carried out immediately after injecting 
angiotensin into the right renal artery, 45 
ug. per kg. The right side showed marked 
slowing of the progress of the opaque mate- 
rial so that at 43 seconds there was still 
slight irregular filling of some of the pe- 
ripheral renal arteries with no evidence of 


tc. 3. (4) Control simultaneous bilateral 

selective angiogram with thorotrast, 4 
second film, shows normal appearing renal 
arteries bilaterally. (B) Control bilateral 
angiogram, 24 second film, shows a good 
vascular nephrogram on each side with 
early vein opacification. (C) Control bi- 
lateral angiogram, 34 second film, shows 
good opacification of the renal veins bi- 
laterally. 
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lic. 3. (D) Bilateral angiogram immediately 
after administration of angiotensin, 45 ug. 
per kg., into the right renal artery, 4 second 
film, shows slow opacification of the right 
renal artery. The renal arterial tree on the 
left is unchanged from its control appear- 
ance (4). (E) After angiotensin into the 
right renal artery, the angiogram, 25 second 
film, now shows opacification of the inter- 
lobar arteries on the right, with no definite 
nephrogram. On the left the nephrogram is 
similar to that of the control study (B). (F) 
After angiotensin into the right renal artery, 
the angiogram, 33 second film, shows the 
right interlobar arteries to be still opacified, 
with only a faint nephrogram. On the left 


there is good venous opacification similar to the appearance of the control series (C). 


constriction of the main renal artery or its 
major branches. The interlobar arteries ap- 
peared the same size as in the control study, 
or possibly slightly dilated; the nephrogram 
intensity was markedly diminished. On the 
left side, the angiogram showed no change 
from the control series (Fig. 3, Æ-F). The 
angiographic exposures were completed be- 
fore the onset of the blood pressure rise pro- 
duced by the angiotensin. Follow-up bilat- 
eral angiograms, done 5 minutes later, 
showed both sides to appear similar, like 
the control except for slight dilatation of 
the interlobar arteries and slight slowing of 
renal circulation bilaterally; the blood pres- 
sure had returned to the pre-angiotensin 
level. At 30 minutes the bilateral angio- 


grams had returned completely to normal. 
These results suggest that angiotensin has a 
direct action on the renal vessels and that 
the observed vascular changes are not 
secondary to changes in the systemic blood 
pressure. 


DISCUSSION 


Studies of the effects of several vaso- 
pressor drugs on renal vascularity in the 
dog? have indicated two types of response. 
As inferred from changes in the renal angio- 
grams, there appear to be a “peripheral” 
vasoconstrictive effect and a “central” 
vasoconstrictive effect. By “peripheral” 
vasoconstriction 1s meant increased vascu- 
lar resistance distal to the interlobar arter- 
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ANGIOGRAPHIC FINDINGS IN PERIPHERAL AND CENTRAL VASOCONSTRICTIVE EFFECTS 


Size of Main 


Renal Artery Arteries 
Per:pheral Increased Increased 
Centra! Increased Dimimished 


ies resulting in the following angiographic 
changes: increased size of the main renal 
artery, its major branches and the inter- 
lobar arteries; normal or diminished inten- 
sity of the vascular nephrogram; and nor- 
mal or slowed passage of the opacified bolood 
trom renal artery to renal vein. By “cen- 
tral? vasoconstriction is meant increased 
vascular resistance at the distal portion of 
the main renal artery or at the proximal 
portion of its primary branches. The angio- 
graphic changes include: narrowing cf the 
vessel or vessels in the region of the in- 
ereased vascular resistance; diminution in 
the size of the interlobar arteries; dimin- 
ished intensity of the vascular nephrogram; 
and slowed passage of the opacified blood 
‘rem renal artery to renal vein. These 
changes are summarized in Table 1. 


TABLE II 


PERIPHERAL VASOCONSTRICTIVE EFFECT 
Rise in Mean 

Dose (ug. per kg.) Blood Pressure 

(mm, Hg) 


Drug 


Epinephrine 


2 to 4 4-75 
Levarterenol O.§ tol 1g—35 
Metaraminol zo to 100 zo—ğo 
angiotensin 0.§ t045 5o- 120 


Tage HI 


CENTRAL VASOCONSTRICTIVE EFFECT 


Rise in Mean 
Dose (ug. per kg.) Blood Pressure 
(mm. Hg) 


ranami een BR RE PRIN eA a NE TAA REY RE SE nly fiat tet p a e m np Mh wee AA a A iV ASMA A RAR AI AV AAS eA ma eee 


Drug 


i pinephrine to to 60 


Levarterenol § to gs 8o—-110 
wletaraminol 200 to 400 80-720 


sas aaroviinseimunnare er vie a e ra aan a narran a A RAR TRL ABARAT RA AST AAA NAA LI a rN AA e Poe ee rn eater 


Size of Interlobar 





Intensity of Nephrogram Circulation Rate 


Normal or Diminished 
Diminished 


Normal or Diminished 
Diminished 


The vasopressors so far tested include: 
epinephrine, levarterenol, metaraminol and 
angiotensin. Within the dose ranges eval- 
uated (to produce maximal rise of mean 
blood pressure by about 120 mm. Hg), the 
sympathicomimetic drugs have shown both 
effects related to the dose used. The smaller 
doses, producing rises in mean blood pres- 
sure in the order of 15 to 80 mm. Hg, have 
shown “peripheral” vasoconstriction 
(Table 11). The larger doses, producing rises 
in mean blood pressure in the order of 80 to 
120 mm. Hg, have demonstrated “central” 
vasoconstriction (Table 11). On the other 
hand angiotensin, regardless of the dose 
used, has shown only “peripheral”? va- 
soconstriction (Table n). 


SUMMARY 


Angiographic study has been made of the 
effects of angiotensin on the renal vessels of 
the dog. 

All tested doses (0.5 to 45 wg. per kg. in- 
travenously) produced changes in the ap- 
pearance of the renal vessels suggesting 
vasoconstrictive action on vessels periph- 
eral to the interlobar arteries. 

Angiotensin has a direct action on the 
renal vasculature. 


Milton Elkin, M.D. 

Department of Radiology 

Albert Einstein College of Medicine 
Yeshiva University 

Bronx, New York 10461 
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HE differential diagnosis of abdominal 

masses is a common clinical and roent- 
genologic problem. When discovered, such 
a mass usually requires extensive study to 
cetermine etiology, location, size, extent 
and possible involvement of surrounding 
tissues and organs.” ® 

From a roentgenologic viewpoint, eval- 
vation begins with the conventional ex- 
aminations.4. A preliminary abdominal 
roentgenogram often demonstrates a loss of 
psoas shadows, calcification or the outline 
of a soft tissue mass. Intravenous pyelog- 
raphy may show deflection of the ureter or 
displacement, rotation or distortions of a 
kidney outline and its collecting system. 
Gastrointestinal studies may demonstrate 
intrinsic tumors or displacement of the in- 
testine by adjacent masses. 

In recent years, more specialized roent- 
gen procedures have aided in the ciffer- 
ential diagnosis of abdominal masses. Pre- 
sacral gas insufflation, retrograde catheter 
study of the aorta and great vessels, or their 
combined use have been helpful in the in- 
vestigation of retroperitoneal masses. Al- 
though simultaneous retroperitoneal gas in- 
sufflation and aortography have been quite 
satisfactory, we have been impressed by the 
information afforded by intravenous aor tog- 
raphy and tomography of the abdomen. 
Nephrotomography, the sequence of 
abdominal aortography and tomography, 
was originally conceived for the differential 
diagnosis of renal cysts and neoplasm. 
However, experience has shown its value in 
retroperitoneal and abdominal diagnostic 
problems.'? 

Nephrotomography, by definition, af- 





forded both the vascular delineation of the 
kidney area and tomographic demonstra- 
tion of levels of the opacified kidney pa- 
renchyma. Modifications of this technique 
to include extrarenal areas, if the vascular 
anc nephrogram phases are utilized, may 
be of tremendous value in the localization, 
definition and diagnostic evaluation of 
abcominal masses. This has been especially 
true in differentiating masses adjacent to 
the kidney silhouette and evaluating their 
exact relationship to the kidney, z.e., 1n- 
trinsic or extrinsic to kidney parenchyma. 
When further roentgen study is necessary, 
pneumoperitoneum or a retroperitoneal air 
gas insufHation is performed in conjunction 
with percutaneous retrograde catheteriza- 
tion. 
TECHNIQUE 

An antecubital cutdown is made and a 
12 gauge Robb Steinberg needle is placed in 
the vein. The circulation time is determined 
with decholin. The needle is then connected 
via a polyethylene adapter to a Gidlund 
automatic injector. The injection is made 
under low pressure 2.2 to 2.4 kg./cm.’ to en- 
sure a continuous bolus. The actual injec- 
tion takes from 2 to 3 seconds. Angio- 
conray, 80 cc., is the usual contrast medium 
and the dosage for the average adult. The 
rapid cassette changer is loaded with 15 
films to allow exposures of I per second. 
The exposures should start from 4 to § sec- 
onds before the circulation time and con- 
tinue to at least ¢ to 6 seconds after the cir- 
culation time. Duration of each exposure 
is ¿ọfa second. 

After the 15 exposures of the arterio- 


* Presented at the Eleventh International Congress of Radiology, Rome, Italy, September 28, 1965. 
From the Department of Radiology, St. Luke’s Hospital, New York, New York. 
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Fic. 1. Case 1. The vascular phase of the nephro- 
tomogram shows that the renal arterial tree is dis- 
placed by the larger kidney cysts (arrows). 


graphic phase, the table top is returned to 
normal position so that tomographic ex- 
posures can be obtained without delay. 





Fic. 2, Case 1. The nephrogram phase shows 
defects at the cystic areas (arrows). 


The following cases illustrate the above 
technique. 


ILLUSTRATIVE CASES 


Case 1. The patient was a 28 year old house- 
wife who was referred for intravenous nephro- 
tomography. An intravenous pyelogram, ob- 
tained elsewhere, definitely showed one space- 
occupying mass in the left kidney with a sug- 
gestion of perhaps one or two other cysts in 
this kidney. The right kidney appeared to be 
completely normal. The patient was asympto- 
matic. A urinalysis and blood urea nitrogen 
were normal. The patient’s father, however, 
was noted to have died of renal disease. 

An intravenous nephrotomogram showed in- 
numerable small filling defects throughout both 
kidneys having the appearance of small cysts 
(Fig. 1, 2 and 3). Within the left kidney, in ad- 
dition, there were several much larger cystic 
masses; these were the masses which had been 
identified on an intravenous pyelogram. On the 
intravenous pyelogram, almost no distortion of 
the collecting system of the right kidney was 
present. The vascular phase of the nephrotom- 
ogram showed that the renal arterial tree was 
intrinsically normal although displacement of 
branches of the renal arteries by the larger 





FIG. 3. Case 1. Tomogram helps define the 
cystic areas (arrows). 
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cystic masses was present in the kidneys. The 
diagnosis was polycystic kidneys. 


Comment. Nephrotomography will often 
uneover unsuspected renal and extrarenal 
disease. 

Case u. The patient was a 54 year old 
Iranian woman who, 6 months prior to admis- 
sion, had several episodes of hematuria with 
severe generalized abdominal pain. Several cal- 
cium urate urinary calculi were passed at that 
time. An intravenous pyelogram made 1 week 
prier to admission showed a mass involving the 
lower pole of the right kidney. There was no 
history of weight loss, anorexia, nausea or 
vomiting. Physical examination revealed a 
blood pressure of 160/88; pulse of 84 and regu- 
lar; respiration 18; temperature 99° F. Ex- 
amination was negative other than the presence 
of a hard nontender fixed mass in the right 
upper quadrant. Multiple urinalyses show- 
ed 25 to 30 red blood cells per high power 
feld with occasional white blood cells. A 
catheterized urine specimen revealed Æ. cofi. 


Fic. 4. Case 11. Retrograde pyelogram shows a large 
mass replacing the lower pole of the right kidney 
(lewer arrow). A calcified cyst is noted in the liver 
area (upper arrow). 
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Fic. 5. Case 11. The arterial phase of nephrotomog- 
raphy shows that the renal mass is highly vascular 
with a malignant pattern (arrows). 


A plain roentgenogram of the abdomen prior 
to intravenous nephrotomography showed a 
large mass replacing the lower pole of the right 
kidney extending inferiorly. The mass measured 





Fic. 6, Case 11. Late in the arterial phase, a 
tumor stain is seen (arrows). 





Fic. 7. Case 11. Tomogram defines the extent of the 
tumor (arrows) and the level of the calcified liver 
cyst, 





Fic. 8. Case 11. Arterial phase of a nephrotomogram 
is normal. The arrow marks the lower tip of the 
enlarged spleen. 
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approximately 7 cm. in diameter. In addition 
there was a calcified rounded mass in the right 
upper quadrant which had the typical roentgen- 
ographic appearance of an echinococcus cyst of 
the liver (Fig. 4). The arterial phase of nephro- 
tomography showed that the renal mass was 
highly vascular and that the vascular pattern 
was that of a malignant tumor with marked 
irregularity of vessels, numerous arteriovenous 
fistula effects and a very marked increase in 
vascular channels (Fig. 5). The tomographic 
nephrogram phase of the study showed again 
that the tumor was highly vascular but that 
there were irregular areas of nonvascularity, 
suggesting either cystic arezs or necrotic areas 
within the tumor (Fig. 6 and 7). 

A right nephrectomy was performed and 
showed that the lower pole of the right kidney 
was completely replaced by a large renal tumor, 
measuring 10X15X12 cm. There was no ap- 
parent involvement of the renal pedicle or of 
the adjacent lymph nodes o7 perirenal fat. The 
histologic report was ‘‘aderocarcinoma of the 
kidney, clear cell type.” 


Comment. Arteriography and tomog- 


raphy in this case defined the limits of renal 
pathology. Tomography revealed the level 
of the echinococcus cyst. 





Fic. 9. Case ut. Nephrogram phase well 
demonstrates the splenic tissue (arrow). 
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Case 1. The patient was a 73 year old 
Haitian born widow who presented with a 
chief complaint of increasing abdominal girth of 
8 days’ duration. She had been in excellent 
health until 2 months prior to admission when 
she noted increasing fatigue. Eight days prior to 
admission she was found by her local physician 
to have hepatosplenomegaly. Upon question- 
ing, the patient stated that she had frequent 
nose bleeds during the past winter; there was 
no other evidence of bleeding. She had had a 
weight loss of about 40 to 50 pounds but stated 
that this had occurred over a 4 year period, dur- 
ing which time she had dieted. 

Physical examination revealed a thin 
pleasant French-speaking Negro female who 
appeared much younger than her stated age of 
73. The blood pressure was 160/80. Other vital 
signs were within normal limits. The sclerae 
were not icteric. The liver was down 3 finger- 
breadths at the mid-clavicular line; it was non- 
tender. There was a mass in the left upper quad- 
rant which was 4 fingerbreadths down from the 
costal margin and was slightly tender; this was 
felt to represent the spleen. 





Kic, 10. Case 1v. Intravenous pyelogram shows the 
right kidney to be normal. The left kidney is dis- 
placed upward and laterally. 
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Bd 
lic. 11. Case tv. Arteriogram shows a normal left 
renal artery displaced upward with the kidney and 
an aneurysm of the lower abdominal aorta (arrow). 





An intravenous pyelogram showed a normal 
right kidney, but some irregularity of the 
calyees within the mid-portion of the left kidney 
was noted. An intravenous nephrotomogram 
showed both kidneys to be normal. No abnor- 
mal renal masses were identified. This study well 
demonstrated the clinically recognized spleno- 
megaly (Fig. 8 and 9). 


Comment. Nephrotomography was per- 
formed to better evaluate the left kidney. 
In so doing, the enlarged spleen was clearly 
defined. Nephrotomography can be helpful 
in documenting hepatosplenomegaly and 
its effect on the kidneys and surrounding 
region, 


Case 1v. The patient was a 65 year old white 
female admitted to the hospital with a present- 
ing complaint of diffuse abdominal pain for 4 
weeks. The pain was unrelated to position, 
food or activity. There was no melena and no 
weight loss. The patient had had a subtotal 
gastrectomy and splenectomy in 1962 for car- 
cinoma of the stomach. Physical examination ` 
showed the abdominal scar from the previous 
surgery. There was some suggestion of a firm 
nonfixed mass in the right lower quadrant of 
the abdomen. 

An intravenous pyelogram showed the right 
kidney to be normal in size, position and con- 
hguration (Fig. 10). The left kidney was dis- 
placed upward and laterally. There was some 
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Fic. 12. Case 1v. Tomogram (with arteriog- 
raphy) rules out the presence of a mass. 


distortion of the upper and middle calyces of 


the left kidney. 

Because of the findings on the intravenous 
pyelogram, intravenous nephrotomography was 
performed. There was no evidence of renal 
tumor. The displacement and rotation of the 





Fic. 13. Case v. Arteriogram shows absence 
of right renal artery. 
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left kidney was thought to be secondary to the 
known gastrectomy and splenectomy and the 
distortion of the collecting system was in turn 
thought to be secondary to the rotation of the 
left kidney. An incidental finding on the nephro- 
tomogram was the presence of a small aneurysm 
in the lower abdominal aorta (Fig. 11). 


Comment. The possibility of an abdom- 
inal tumor displacing the kidney upward 
was effectively ruled out (Fig. 12). The un- 
suspected aortic aneurysm was demon- 
strated just proximal to the aortic bifurca- 
tion. 


Case v. The patient was admitted to the 
hospital with a history of postmenopausal 
vaginal bleeding for 1 year. The patient had no 
symptoms referable to the urinary tract and no 
history of previous urinary tract disease. 

Physical examination was completely within 
normal limits except for the pelvic examination 
which showed a pliable lesion of the cervix, bleed- 
ing readily on contact. This proved to be a Stage 
ir squamous cell carcinoma of the cervix, which 
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Fic. 14. Case v. Tomogram shows definitely the ab- 
sence of a functioning right kidney. 
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was treated by a combination of intracavitary 
and external radiation therapy. 

An intravenous pyelogram made in the in- 
vestigation of the above lesion showed a large 
left kidney which functioned normally. There 
was, however, no evidence of an outline of a 
right kidney or of excretion by a right kidney. 
The cystoscopist was unable to locate an orifice 
for the right ureter. An intravenous nephrotom- 
ogram demonstrated a large left kidney. On 
the right side no renal artery was visualized 
and no evidence of an outline of the right kidney 
was definitely noted (Fig. 13). Tomographic 
studies showed a small density posteriorly at 
the level of the psoas outline which might have 
been a small nonfunctioning right kidney (Fig. 
14). 

The patient was last seen in May, 1965 at 
which time she was asymptomatic and there 
was no evidence of recurrent uterine disease. 


Comment. Nephrotomography defi- 
nitely showed the absence of the right renal 
artery. 


àr 





Fic. 15. Case vi. Right retrograde pyelogram shows 
a small kidney and collecting system with minimal 
caliectatic changes. 
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liG. 16. Case vi. The arterial phase of nephrotomog- 
raphy shows extreme arteriosclerotic changes in 
the abdominal and iliac vessels with aneurysm 
formation (arrows). 


Case vi. This was the first hospital admission 
of a 69 year old white female widow, former 
resident of Singapore, who entered the hospital 
with the chief complaint of dyspnea, episodes of 
substernal crushing pain and high blood pres- 
sure. Prior to her present illness, the patient was 
in good health. She was known to have had high 
blood pressure since 1955 with initial readings 
of 170/90. 

Physical examination revealed a well de- 
veloped, sallow white female in slight respira- 
tory distress. The blood pressure was 200/100; 
pulse 92 and regular; and respirations 22. The 
chest was slightly dull at both bases. There were 
inspiratory rales at both posterior bases, up to 
the angle of the scapula. The heart was irregu- 
lar; there were no murmurs. There was 4 + pit- 
ting, pedal, pretibial and sacral edema. 

Following an intensive medical regimen, she 
was slowly ambulated and had no difficulty 
with breathing or further episodes of paroxys- 
mal nocturnal dyspnea. She was noted to have 
a urinary tract infection which responded well 
to Furadantin and cleared completely. Be- 
cause of the urinary tract infection, intravenous 
pyelography was performed. No function was 
seen on the right side. A right retrograde pyelo- 
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Case vi. Tomogram better outlines 
the small right kidney (arrow). 


liG. 17. 


gram (Fig. 15) showed a small collecting system 
with minimal caliectatic changes. Nephroto- 
mography showed extensive arteriosclerotic 
changes in the abdominal aorta and iliac vessels 
with aneurysm formation (Fig. 16). A small 
right kidney with an atrophic renal artery was 
seen. Tomograms showed the small kidney with 
suggestions of some calcifications (Fig. 17). 


Comment. In the process of evaluating 
the right kidney, considerable unsuspected 
arterial disease with aneurysm formation 
was uncovered. 


Case vit. A 64 year old white male was ad- 
mitted with a history of intermittent epigastric 
pain for approximately 1 year. The pain was 
more pronounced in the morning and was 
partially relieved by alcohol and food. Three 
months prior to admission, he had been told by 
his physician that he was anemic. The patient 
had been placed on iron medication. 

Physical examination showed a thin white 
male in no distress. Vital signs were normal. 
Examination of the abdomen disclosed an en- 
larged liver with dullness, extending I to 2 
fingerbreadths below the right costal margin. 
No masses were felt. 
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Laboratory studies showed a severe anemia 
and multiple stool guaiac tests ranged from 
negative to I to 2+. A bone marrow was nor- 
mal. A string test with fluorescein dye showed 
no evidence of active gastrointestinal bleeding 
at the time of the study. 

A gastrointestinal series showed a constric- 
tive lesion involving the distal duodenum in 
the region of the ligament of Treitz (Fig. 18). 
Gross destruction of normal mucosal markings 
was present. The changes were thought to be 
consistent with an intrinsic neoplasm. Nephro- 
tomography via the retrograde route was per- 
formed together with a presacral retoperitoneal 
gas insufflation study. A mass inferior to the 
left kidney was demonstrated, measuring ap- 
proximately 10X7 cm. Numerous branches of 
the superior and inferior mesenteric arteries 
supplied the tumor (Fig. 19, 20 and 21). 

At surgery, a large ulcerating mass was 
found in the terminal duodenum just beneath 
the ligament of Treitz and the superior mesen- 
teric vessels. The mass measured approximately 
8 cm. in length. Firm nodules were felt in the 
liver and were present in several lymph nodes in 
the area. The lesion was a primary carcinoma 





ic. 18. Case vu. Gastrointestinal study shows a 
constrictive lesion involving the distal duodenum 
in the region of the ligament of Treitz (arrow). 


No. 4 The Value of Nephrotomography 943 


of the terminal duodenum with hepatic metas- 


ases. 


Comment. A combination of catheteriza- 
‘on, presacral air insufation and tomog- 
‘aphy can be extremely helpful in a selected 
ASE. 

Case vi. The patient was a 45 year old 
nale who was first seen in the clinic in January 
965 with a complaint of mid-epigastric burn- 
ing pain for over a year. At a previous hospitali- 
zation, the patient had been told that he had an 
ulcer. Pain was partially relieved by food and 
mild medication. A gastrointestinal series 
showec irritability of the duodenal cap with 
hypersecretion in the stomach. A large soft 
tissue mass was demonstrated in the left upper 
quadrant; this mass caused some extrinsic 





pressure on the stomach. An intravenous pyelo- di l | f 
gram showed a normal right renal outline, but | 


the left renal silhouette was only faintly visual- Inc. 20. Case vit. Lateral arteriogram shows 
ized. Intravenous nephrotomograms (Fig. 22) abnormal vessels (arrows). 


showed normal renal arteries bilaterally. 


The right kidney was normal. The left kid- 
ney appeared to be generally enlarged. There 
was no renal mass. There was, however, a large 
soft tissue density overlying the left renal 
shadow which appeared to be anterior to the 





Fic. 19. Case vu. Nephrotomography and retro- 
peritoneal gas insufflation show a mass inferior to Fic. 21. Case vir. Tomographic study shows the mass 
the left kidney (arrows). not to be in the retroperitoneal space. 
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lic. 22. Case vu. Intravenous nephrotomogram 
shows normal renal arteries bilaterally. An over- 
lying large soft tissue mass is seen in the lower left 
kidney area. Note vessels bowed around the mass 
(arrows). 


left kidney and was thought to represent the 
spleen (lig. 23). Lateral tomograms showed the 
mass anterior to the kidney (Fig. 24). 

At surgery, a large cyst measuring approxi- 
mately 15 cm. in greatest diameter was found 
in the spleen. The cyst was surrounded by an 
intense inflammatory reaction with adhesions. 
The pathology was that of a thick walled fibro- 
cystic spleen containing old clotted blood which 
was thought to be an old splenic hematoma. 





Comment. Lateral tomograms following 
arteriography were most helpful in defining 
the relationship of the cyst to the normal 
left kidney. 


Case 1x. The patient was well until the day 
of admission when he experienced severe ab- 
dominal and back pain that radiated to the 
right lower quadrant and then to the groin. He 
vomited immediately following the pain, and, 
when seen by his local physician, was noted to 
have a blood pressure of 66/0. The patient ap- 





iG. 23. Case vir. Tomogram in the frontal position 
defines the lower tip of the mass (arrows). 





lic. 25. Case 1x. Arteriogram shows a large abdomi- 
Fic. 24. Case vit. Lateral tomogram shows the mass nal aneurysm extending from the renal arteries to 
anterior to the kidney (arrows). the aortic bifurcation. 
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Fıc. 26. Case 1x. Late in the arterial phase, 
contrast material pools in the aneurysm. 


peared in shock and was immediately admitted 
to the hospital. 

Physical examination revealed a patient in 
acute distress with pain in the lower abdomen, 
somewhat cyanotic, cold, and lying quietly in 
bed. Severe right lower quadrant abdominal 
tenderness with abdominal distention was pres- 
ent. Pulses appeared to be intact. The clinical 
impression at that time was a vascular accident 
of the abdomen, possibly a ruptured aneurysm 
or mesenteric thrombosis. Arteriography and 
tomography were performed on the day of ad- 
mission. A large abdominal aortic aneurysm ex- 
tending from the renal arteries to the bifurca- 
tion of the aorta was found (Fig. 25 and 26). 
Tomographic studies following aortography 
demonstrated a large surrounding mass, un- 





Hic. 27. Case 1x. Tomogram following arteriography 
demonstrates the large surrounding hematoma 
(arrows). 
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ic. 28. Case x. Lateral lumbar roentgenogram 
shows definite decrease in the intervertebral space 
between L2-L3 with areas of destruction in both 
vertebral bodies, sclerotic changes and marked 
spurring, 


doubtedly representing hematoma from the 
leaking aneurysm (Fig. 27). Both kidneys were 
displaced laterally and the renal arteries were 
displaced upward but the nephrogram effect 
showed functioning normal appearing kidneys. 

The roentgenographic impression was a large 
aorta aneurysm with surrounding hematoma 
due to perforation with displacement of renal 
arteries and kidneys. An operation was per- 
formed on the same day with removal of the 
aneurysm and replacement with a dacron graph. 
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lic. 29. Case x. Inferior vena cavagram shows a 
large soft tissue mass in the lower abdomen causing 


definite extrinsic pressure on the 


(arrow). 


vena Cava 


At operation, a large hematoma surrounding 
the perforated aneurysm was noted. Postop- 
eratively the patient did well. 


Case x. This was the first hospital admission 
of this 33 year old Negro male who entered with 
the chief complaint of back pain. The patient 
gave a history of back injury in the past follow- 
ing a fall. Six months prior to this admission, 
roentgenograms taken of the mid-back showed 
“damage” to the back. Physical examination 
was unremarkable except for some hyperexten- 
sion of the back with definite pain localized to 
the area of L2 and L3. Pressure over the L2 
spinous area elicited considerable pain. 

An intravenous pyelogram showed definite 
decrease in the intervertebral space between 
L2 and L3, with areas of destruction in both 
vertebral bodies, sclerotic changes and marked 
spurring (Fig. 28). The right psoas margin was 
obliterated and a soft tissue mass was seen in 
the right lower quadrant. The impression at 
this time was tuberculosis versus osteomyelitis 
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of the 2nd and 3rd lumbar vertebrae. The soft 
tissue mass was thought to be a psoas abscess. 

Intravenous aortography, inferior vena ca- 
vagraphy and nephrotomography were per- 
formed. A large soft tissue mass in the lower 
abdomen caused definite extrinsic pressure on 
the inferior vena cava (Fig. 29). The abdominal 
aorta, right kidney and superior mesenteric ar- 


tery were also pressed upon (Fig. 30 and 31). 


There was no evidence of obstruction of the 


superior mesenteric artery. 

Sclerotic destructive changes in the lumbar 
spine involving L2 and L3 were again noted. 
The large mass extended down into the pelvis 
where it caused slight extrinsic pressure on the 
superior margin of the bladder. The mass re- 
mained fairly avascular throughout the aorto- 
graphic study. The appearance of the mass and 
its vascularity did not suggest neoplasm. The 
impression at this time was a large psoas ab- 
scess Causing extrinsic pressure on vessels as 
described above. 

Biopsy of the 2nd and 3rd lumbar vertebrae 





Fic. 30. Case x. During the arterial phase of the in- 
jection the abdominal aorta, the right kidney and 
the superior mesenteric artery are also pressed 
upon (arrows). 
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Fic. 31. Case x. Tomogram defines the borders 
of the relatively avascular mass (arrows). 


revealed granulomatous inflammatory tissue 
of tuberculous etiology. 


SUMMARY 


With the rapid development in experi- 
ence, contrast material and equipment, a 
relatively complicated series of studies have 
gradually slipped into the realm of con- 
ventional radiology. Never before has so 
much reliable information been available 
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with so little risk and discomfort to the 
patient. Many believe that it is no longer 
acceptable to know only that an abnormal 
mass exists in the abdomen, but rather, 
that our obligation is to define its relation- 
ship to other vital organ systems, to evalu- 
ate its blood supply and, to the greatest 
degree, to define its anatomic charac- 
teristics. 


Richard D. Kittredge, M.D. 
Department of Radiology 

St. Luke’s Hospital 
Morningside Heights 
Amsterdam and 113th Street 
New York, New York 10025 
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AN IMPROVED, SIMPLE TECHNIQUE 
OF LYMPHANGIOGRAPHY 


By Dr. T. pne ROO 


ALKMAAR, THE NETHERLANDS 


HE success of a lymphangiographic 

examination often depends on the 
practical aspects. Experience shows that in 
order to obtain lymphangiograms of diag- 
nostic quality, a good and simple technique 
is necessary. Because of the long duration 
of the examination and its consequent dis- 
comfort to the patient, failures and un- 
necessary protraction of the examination 
should be avoided as much as possible. 

A very important part of the technique 
of lymphangiography is the puncture of the 
lymph vessel, and yet this is seldom de- 
scribed accurately and in detail in the 
literature. A quick and simple puncture, 
without the risk of perforation, is the pri- 
mary requisite. With this in mind, a 
simple technique was developed in our de- 
partment which in practice has proved to 
meet the requirements of the routine ex- 
amination. Since the preparation of the 
patient and the injection of the blue dye do 
not appear to present any difficulties, only 
the surgical-technical part of the examina- 
tion is discussed. 


METHOD 


After local anesthesia (2 per cent novo- 
caine) of the proximal part of the dorsum of 
the foot, or the back of the hand, a longi- 
tudinal incision of 1 to 1.5 cm. is made in 
the skin just above the dye colored lymphat- 
ic vessel. The incision should not be made 
too deep, because the subcutaneous lym- 
phatics run superficially. With a pair of fine 
forceps, the lymphatic vessel is carefully 
dissected free from the subcutaneous fat 





Fic. 1. Special clamp (3.8 cm. long) with 
rubber-covered tips. 
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Fic. 2. With the clamp in place, the foot or hand is 
massaged from distally upward, thus obtaining a 
distention of the lymphatic vessel to as much as 4 
times its normal caliber. 


tissue. In relation to the very small diame- 
ter of the vessel (0.2 to 0.8 mm.), its wall is 
very strong and dissection from the adja- 
cent tissues is easy. A special clamp (3.8 
cm. long) with rubber-covered tips is placed 
proximally on the vessel (Fig. 1). In this 
manner the vessel is protected from injury. 
The foot or hand is then massaged from dis- 
tally upward (Fig. 2), whereby a slight, 
local lymph congestion and distention of 
the lymphatic vessel are obtained. This dis- 
tention may cause the vessel to be as much 
as 4 times the caliber of a normal one. 

At this point, the lymphatic vessel can be 
punctured. However, the vessel is apt to 
roll from side to side and its posterior wall 
may easily be perforated. Whenever the 
vessel is damaged or the needle has to be 
withdrawn for any reason, the advantage of 
the induced dilatation is lost and the vessel 
cannot be punctured again. Another lymph 
vessel needs to be found and the procedure 
has to be started all over again. This is not 
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hic. 3. Special forceps (11.7 cm. long) with smoothly 
polished inner surfaces and a small metal plate 
attached at one tip which is placed underneath the 
lymphatic vessel so as to prevent its injury. 


only time-consuming but also very un- 
pleasant to the patient. To prevent such an 
occurrence, a special forceps (11.7 cm. in 
length) (Fig. 3) has been devised. The 
lymphatic vessel is stretched with the 
forceps, the ends of which are smoothly 
polished on the inner side so as not to 
damage the vessel. To one of the tips of the 








~~ 


Fic. 4. The lymph vessel is stretched between clamp 
and forceps and fixed on the plate, making 
puncture easier. 
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FIG. 5. Special puncture needle, consisting of 2 parts: 
a smooth, blunt, hollow needle (3.7 cm. long and 
0.5 mm. in diameter for the foot, and 0.4 mm. for 
the hand); and a sharp pointed stylet (4.5 cm. 
long) with a small spring at the place where the 
stylet locks into the needle. 


foreeps a small metal plate has been at- 
tached, which is placed underneath the ves- 
sel. When the lymph vessel is stretched, it 
becomes fixed on the plate (Fig. 4), making 
the puncture much easier. 

A special puncture needle is employed 
(Fig. 5). It was felt that a blunt needle 
rather than a sharp one would prevent per- 
foration of the lymphatic vessel during 
puncture and injection. Therefore, a punc- 
ture needle was devised which consists of 
two parts: a smooth, blunt, hollow needle 
(3.7 cm. in length and 0.5 mm. in diameter 
for the foot and 0.4 mm. for the hand); and 
a sharp pointed stylet (4.5 cm. in length). 

At first, a needle was used which had a 
smooth junction with the stylet, but this 
hac the disadvantage that the posterior 
wall of the vessel could be perforated un- 
noticed. The needle now employed and 
which has proved successful for quite some 
time has a visible junction with the stylet 
and the end of the stylet protrudes only 
o.§ mm. from the needle. A small spring is 
attached at the place where the stylet locks 
into the needle. The needle is held between 
the thumb and the forefinger, while the 
head of the stylet with the spring is pressed 
with the third finger (Fig. 6). 

The lymphatic vessel is punctured with 
the slightly protruding, sharp point of 
the stylet. As the blunt end of the needle 
reaches the vessel wall, a slight resistance is 
felt, indicating that the position is satis- 
factory and the protruding point of the 
stylet cannot perforate the posterior vessel 
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ig. 6. The needle is held in place between the thumb 
and the forefinger, while the head of the stylet 
with the spring is pressed by the third finger. The 
lymphatic vessel is punctured with the slightly 
protruding, sharp point of the stylet. 
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lic. 7. After the needle is advanced by a rotating 
movement a few millimeters in the lymphatic 
vessel, the third finger releases the stylet, thereby 
releasing the spring, and the stylet shoots back. 
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Fic. 8. The blunt, hollow needle is slid into the lyn- 
phatic vessel, the clamp is removed and placed en 
the needle and the vessel to prevent back sliding of 
the needle. 


wall. The needle is now held horizontally 
and with a rotating movement is advanced 
a few millimeters farther into the lymph 
vessel. The third finger releases the stylet 
(Fig. 7), thereby releasing the string, and 
the stylet shoots back. 

The blunt, hollow needle is slid into tke 
lymphatic vessel, the clamp is removed and 
placed on the needle and vessel (Fig. 8) to 
prevent back sliding of the needle. In our 
experience, no leakage ever occurred when 
the contrast medium was injected. The 





lic. g. Specially designed injection apparatus ope-- 
ated by an electromotor. Its gear consists of 
upright conical rolls which, by means of an ad- 
justable intermediate disk, make it possible +o 
change the speed of injection at any time durirg 


the injection. 
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needle is then fixed to the foot or hand by 
means of tape. 

A polythene catheter connects the needle 
with a 10 ml. injection syringe with a Luer 
Loek connection. Since, due to bluntness of 
the needle, perforation of the vessel wall 
cannot occur, absolute immobilization of 
the involved extremities during the in- 
jection of contrast medium is no longer 
necessary. The choice of contrast medium 
(aqueous or oily) and the method of myec- 
tion are less important. The injection may 
be done by hand, or with the help of a 
motor or weights, as long as it is done 
siowly and under constant pressure. When 
cily contrast media are used, the injection 
speed should not exceed 1 ml. per § minutes 
so as to prevent complications such as 
rupture of the lymphatics or lymph nodes 
in the inguinal or axillary region. I used a 
specially designed injection apparatus 
operated by an electromotor. Its gear con- 
sists of 2 upright conical rolls (Fig. 9), 
making it possible, by means of an adjust- 
able intermediate disk, to change the speed 
of injection at any time, even during the in- 
jection. Also, this gearbox has the ad- 
vantage that “a slip” automatically occurs 
if the counterpressure in the lympnatic 
system gets too high. 

At the end of the injection, the small 
wound is sutured. An excellent and more 
simple method is the application of tape 
strips* to achieve continuing fixation of the 
wound margins. 


* The 3M Steri-Strip skin closure tape is available from Minne- 
sota Mining and Manufacturing Co., St. Paul, Minnesota, 
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RESULTS 


The results obtained with this method 
are very good. In 500 patients (960 injec- 
tions), there were less than 1 per cent 
failures, notwithstanding the fact that in 
this period g new investigators had to learn 
the technique. Not only was the number of 
failures reduced, but the time needed for 
the surgical-technical part of the procedure 
up to and including the preparation for the 
injection was shortened. Before we used the 
new clamp, needle and forceps, a bilateral 
injection took from 20 minutes to half an 
hour; now it takes only 10 to 15 minutes. 






SUMMARY AND CONCLUSIONS 


Of utmost importance in the technique 
of lymphangiography is the puncture of a 
vessel. A quick and simple puncture, with- 
out the risk of perforation, is the primary 
requisite for a successful Iymphangio- 
graphic examination, yet in the literature 
this point is seldom considered in detail. 
With the use of the special clamp, needle 
and forceps here described, the puncture is 
made much easier and the risk of failure is 
reduced to a minimum, even when attempt- 
ed by inexperienced investigators. 


Dr. T. de Roo 
Centraal Ziekerhuis 
Alkmaar, The Netherlands 


The aforementioned instruments are made 
and are available in the technical workshop 
(Head: F. Klein) of the Department of Radi- 
ology (Head: Prof. Dr. J. R. von Ronnen) of the 
University Hospital, Leiden, The Netherlands. 
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IMPROVED TECHNIQUE OF LYMPHANGIOGRAPHY* 


By BAO-SHAN JING, M.D. 


HOUSTON, TEXAS 


YMPHANGIOGRAPHY is the roent- 
genologic visualization of the lymphatic 
system. It has been increasingly accepted 
as an important adjunct in the diagnosis of 
and treatment for pathologic conditions in- 
volving the lymphatic system. Technical 
difficulties have remained the greatest ob- 
stacle in the performance of lymphangi- 
ography. The purpose of the author is to 
present an improved technique of lymph- 
angiography. 


MATERIALS AND EQUIPMENT 


The essential materials and equipment 
are as follows: 

1. Magnifying glasses (Fig. 14) 

2. 20 inch length of Pio polyethylene 





catheter with short bevel at the tip (Fig. 
1B) 

3. Vannas capsulotomy scissors 

4. Ethiodol (an ethyl ester of iodized 
poppy seed oil containing 37 per cent 10- 
dine) 

5. 0.5 per cent Evans blue dye or 11 per 
cent patent blue violet (alpha-Zurine 2G) 

6. Bulldog clamp (serrofine hemostat) 
with teeth filed smooth 

7. Two per cent xylocaine hydrochloride 

8. Gravity injector 

g. Cut-down set 


TECHNIQUE 
PROCEDURE 


1. The patient is placed in a supine posi- 
tion on an examining table. The feet are 





lic. 1. (4) Magnifying glasses. (B) Polyethylene catheter. 


* From the Department of Diagnostic Radiology, The University of Texas M. D. Anderson Hospital and Tumor Institute, Houston, 


Texas. 
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lic. 2. (4) Injection of Evans blue or patent 
blue violet dye mixed with xylocaine hydro- 
chloride into the skin on the dorsal aspect of 
the first web of the foot. (B) Longitudinal 
incision over the first metatarsal barely cut- 
ting through the dermis. The superficial 
lymph vessel is clearly identified. (C) 
Cleansed lymph vessel with bulldog clamp 
and ligature in place. 


draped and prepared. One-half ml. of an xylocaine hydrochloride is injected intra- 
equal mixture of Evans blue dve and xylo- dermally and subcutaneously on the dorsal 
caine hydrochloride or 0.25 ml. of a mixture aspect of the skin of the first and second 
of equal amounts of patent blue violet and webs (Fig. 24). In upper limb lymph- 
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(D) 


HIG: 2, 


Insertion of polyethylene catheter 
through a small hole of the lymph vessel. (E) In- 
jection of ethiodol with gravity injector. 


angiography, the dye is injected into the 
skin on the dorsal aspect of the web of 
the thumb and second finger. 

2. About 5 to 15 minutes later, a local 
anesthetic (2 per cent xylocaine hydro- 
chloride) is injected into either the first 
metatarsal or tarsal area. The operator, 
wearing the magnifying glasses, makes a 
longitudinal 1 inch skin incision over the 
frst metatarsal, or a transverse incision 
over the tarsal, barely penetrating the der- 
mis (Fig. 28). In upper limb lymphangi- 
ography, the incision is made either proxi- 
mal or distal to the anatomic snuffbox. The 
dye-carrying lymph vessels are identified 
by the blue streaks. 

3. The subcutaneous tissue is explored 
by blunt dissection. The lymph vessel is 
identified and occluded proximally by a 
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bulldog clamp. The lymph vessel can be 
distended by massaging with the thumb 
from the web space to the incision. After 
the vessel is cleaned, a ligature is passed 
under the lymph vessel (Fig. 2C). 

4. A handle of a forcep is placed under 
the distended lymph vessel over which a 
small hole is made with Vannas capsulo- 
tomy scissors. The polyethylene catheter, 
which has been immersed in ice water for 
about I hour, is then inserted into the 
lymph vessel through the hole and is se- 
cured with a single tie of the ligature. The 
catheter is fixed to the foot by a narrow 
strip of adhesive tape (Fig. 2D). 

5. Test injection of a small amount of 
normal saline will serve to verify an intra- 
lymphatic injection, as indicated by flush- 
ing the blue dye from the catheter, and 
from the lymph vessel. The catheter is con- 
nected with an adapter to the 20 ml. sy- 
ringe containing 12 ml. of ethiodol. The sy- 
ringe is then put vertically into the wooden 
frame of the gravity injector and a lead cap 
weighing 9.5 pounds is placed on the 
plunger (Fig. 2/). The usual injection time 
is about 2 hours. If there is obstruction in 
the lymphatic system, especially in the 
inguinal or pelvic region, the injection time 
may be longer. In upper limb lymphangi- 
ography, 5 to 6 ml. of contrast medium is 
injected into an upper extremity. Infants 
and children receive from one-third to two- 
thirds of the adult dose. 

6. After the completion of the injection, 
the skin incision is sutured and a pressure 
dressing is applied. 


ROENTGENOGRAPHIC EXAMINATION 


Immediately after the completion of the 
injection, the patient is transferred to the 
roentgenographic table. With the patient in 
a supine position, 14X17 inch anteropos- 
terior roentgenograms of the abdomen and 
the thorax are made. Oblique and lateral 
views of the abdomen are always indi- 
cated. These roentgenograms afford the 
best visualization of the lymph vessels (Fig. 
34). A lateral roentgenogram of the thorax 
is obtained at this time if the thoracic duct 
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liG. 3. Normal lymphangiograms. (4) Immediate roentgenogram showing normal appearing lymph vessels 
and partially filled lymph nodes. (B) Twenty-four hour roentgenogram showing well opacified lymph nodes 
and emptying of the lymph vessels. 


is filled. If the thoracic duct is not visual- 
ized on an immediate roentgenogram, 
anteroposterior and lateral studies of the 
thorax are obtained in 2 hours. In 24 hours, 
anteroposterior, oblique and lateral roent- 
genograms of the abdomen are made. These 
late roentgenograms show an emptying of 
the lymph vessels and a good filling of the 
lymph nodes (Fig. 38). Sometimes, tomo- 
vraphic studies of the lymph nodes may 
permit a satisfactory analysis of the posi- 
tion and the architecture of the lymph 
nodes. The patient may be asked to return 
tor follow-up studies for as long as 12 to 20 
months, if the condition warrants. 


DISCUSSION 


lLymphangiography is a specialized ex- 
amination which requires some skill and 


experience. Technically, most of the in- 
stitutions performing this examination are 
still using a needle of either 27 or 30 gauge. 
The failure rate for experienced operators 
is about § to 10 per cent. By using a poly- 
ethylene catheter and magnifying glasses 
the failure rate in our series has been re- 
duced to less than 1 per cent. 

The advantages of the catheter tech- 
nique are that the tip of the catheter with a 
short bevel is not as sharp as that of the 
needle, and that the flexibility of the cathe- 
ter makes 1t more adaptable to the curva- 
ture of the lymph vessel than does the 
needle. Therefore, the catheter is less likely 
to damage the lymph vessel, thereby caus- 
ing perforation and extravasation of the 
contrast medium or failure of the examina- 
tion. Magnifying glasses greatly facilitate 


) 


956 


the dissection and cannulation of the lymph 
vessel. 

The difficulties in the performance of 
lymphangiography are not great and can 
be overcome. If the incision of the skin is 
made barely through the dermis and the 
subcutaneous dissection is carefully per- 
formed, undamaged superficial lymph ves- 
sels are usually quickly and easily identi- 
fied. Occasionally, one must explore more 
deeply into the subcutaneous tissue if the 
superficial lymph vessel is not revealed. The 
application of the bulldog clamp needs 
great care and should be made before the 
cleaning of the vessel. Careless use of the 
bulldog clamp can cause laceration of the 
lymph vessel. This condition may result in 
leakage and extravasation of contrast 
medium. For successful cannulation, the 
lymph vessel should be thoroughly cleaned 
by a meticulous removal of the surrounding 
tissues. An uncleaned lymph vessel may 
lead to perivascular cannulation. In a pa- 
tient with edema of the extremity, isolation 
of the lymph vessel may be difficult; how- 
ever, it can be facilitated by the elevation 
of the extremity before the examination is 
started. 
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SUMMARY 


1. The technique of lymphangiography 
is not unduly difficult, though it requires 
some skill and experience. 

2. An improved technique of lymph- 
angiography is described. 

3. The ‘advantages of polyethylene 
catheter and magnifying glasses are pre- 
sented. 

4. Precautions in performing lymph- 
angiography are discussed. 


Department of Diagnostic Radiology 
The University of Texas 

M. D. Anderson Hospital and 
Tumor Institute 

Houston, Texas 77025 
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PRING-GUIDED catheterization has 

expanded the use and significantle re- 
duced the morbidity of arterial catheteriza- 
tor during the dec -ade since Seldinger® and 
Pricton et al* introduced the basic features 
of the percutaneous technique. Not sur- 
prisingly, guidesprings have occasionally 
brosen in use. Usually, the resulting Trag- 
mests have been left where they came to 
lie; sometimes surgical or transluminal 
recovery techniques were used. The com- 
plication is not a necessary disadvantaze of 
fhe technique; it is preventable. It is the 
primary purpose ot the authors to describe 
a new safety guide wherein spring break- 
age, if it should occur, will not result in a 
detached fragment and the possible clinical 
consequences, 





FIXED VS. MOVABLE CATHETER 
GUIDE CORES 


The Seldinger guide consists of a ong, 
sender coilspring with a fixed wire core 
stifiening all but the tip. Prioton mocified 
tus guide through use of a movable rather 
than fixed core which, when advanced or 
witadrawn during the procedure, facili- 
tated retrograde transvalvular catheteriza- 
ton. The writers’ personal experiences in 
lnterally thousands of guided catheteriza- 
sons have not justified the routine use of 
hxed-core guides. On the contrary, ir ad- 
dition to the increased maneuverabilicy of 
guteles with movable, malleable cores, they 

e- hypothetically at least--less liable to 
breakage, other things being equal. The 
reason for this assumption can be found in 
a review of the various causes of guide 


breakage. 





CAUSES OF CATHETER GUIDE 
SPRING BREAKAGE 

Coilspring catheter guides are made in 
one of two ways--either by winding indi- 
vidual springs over a temporary central 
mandrel on a lathe or by special spring- 
winding machines which, through the pre- 
cise application of deforming forces, im- 
part the desired spring configuration. The 
former has the advantage of allowing the 
user to make his own springs on a custom 
basis, thus eliminating the time lag and ex- 
pense of getting a manufacturer to make up 
special units. The latter has economic and 
other important advantages of mass pro- 
duction since the output of the commercial 
spring-winding machine is a continuous 
coilspring which can be cut up into seg- 
ments of any desired length. Standardiza- 
tion is probably more readily maintained. 
Regardless of how the coilspring is formed, 
it should be constructed of a suitable stain- 
less steel wire which will undergo repeated 
Hexion without breakage and which will 
resist permanent deformation under rea- 
sonable stress. Even with the best available 
wire, what is done to it during manufacture 
and use of the spring will influence the 
likelihood of guide breakage. What are 
some of the controllable factors? Chemical 
alterations in the metal would be likely to 
occur if it were subjected to electr oplating 
(which is fortunately not done bv guide 
makers). A more important chemical altera- 
tion which has surely led to guide breakage 
can be introduced during manufacture. 
Spring guides require a finished, smoothly 
rounded tip in order to avoid scratching or 
other trauma to the vascular lining and 


* from the University of Oregon's Minthorn Memorial Laboratory for Cardiovascular Research through Radiology, 
Werk aided by grants from the USPHS, H-3275 and H- 336, the Oregon Heart Association, and Mallinc -krodt Pharmaceuticals, 
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wall. This is accomplished by soldering or 
welding one end of the spring into a solid 
mass which is ground and buffed to the 
desired shape and surface. The improper 
use of acid solder flux is an important possi- 
ble cause of tip breakage. During the 
soldering process, flux often migrates one 
or more inches through the central lumen 
of the distal spring. If it is not promptly 
and completely removed, its inevitable 
effect will be hydrogen embrittlement, an 
unfavorable alteration in the affected seg- 
ment of the finished guide. Chemical 
neutralization or physical removal of flux 
residue is a difficult and unsure process, 
especially if ultrasonic techniques are not 
used. Elevated temperature during the 
final phase of manufacture has been used to 
minimize hydrogen embrittlement; it has 
not solved the breakage problem. A flux or 
otherwise weakened batch of guide springs 
can be suspected by fatigue-testing sam- 
ples, but since this test is per se destructive, 
it cannot be used to exclude the occasional 
faulty spring. A compromise technique ts to 
fatigue-test random samples from each 
batch and to give every spring a tug and a 
twist before inserting it into a patient. In 
our laboratory this simple routine precau- 
tion has detected faulty guides and thereby 
prevented in-patient breakage. Probably, 
the most important single cause of spring 
breakage is not chemical but physical; 
namely, undue stress during use. Too sharp 
or too frequent bending of the guide at a 
given site predisposes to separation. For 
practical purposes, therefore, it is prudent 
to replace immediately any spring guide 
which shows a persistent angular deformity 
under fluoroscopy and where possible Zo 
use a given guide once only. The likelihood 
of repeated same-site flexion at the end of 
the immovable central core weighs against 
the indiscriminate use of Seldinger (or 
other fixed-core) guides for other than the 
originally intended purpose of percutaneous 
introduction. In our laboratory, the fore- 
going policies have been followed for 
several years. Rarely, has spring breakage 
occurred within patients. While several 
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weak springs have been detected and dis- 
carded through the use of pre-insertion 
checks, only 3 of thousands used have 
broken inside of patients. Two of these in- 
volved deliberate extraluminal embedment 
during the course of transluminal recanaliza- 
tion. In the third, guide breakage should 
probably not have occurred, since an acute 
flexion deformity was detected by fluoro- 
scopy, but guide-replacement was delayed 
until too late. In all 3 instances, recovery 
efforts were not believed necessary and the 
patients now bear innocuous reminders of 
our technical fallibility. To summarize, 
properly made, tested and utilized springs 
should not break in use. The fact is, they 
will; and we are, therefore, compelled to 
take steps to minimize the ill effects upon 
our patients. The remainder of this com- 
munication relates to the use of inner guard 
wires designed to prevent separation and 
therefore permit the prompt removal of 
broken-off guide tips. 


A GUARDED, SAFETY GUIDE 
FOR CATHETERS 


The central lumen of a coilspring guide 
can accommodate not only the usual mov- 
able or fixed core wire but also a second, 
smaller guard wire which is firmly at- 
tached to the tip or both ends of the guide. 
Guidespring breakage will thus not result 
in fragment detachment and retrieval is a 
simple matter. Following our consultation 
with Mr. William Cook, such a guide was 
designed and is now commercially available 
without an increase in cost over the un- 
guarded variety.* As shown in Figure 1, 
this type of safety guide (o.d. .047 inch) em- 
ploys a thin (.008 inch) but strong guard 
wire attached to the tip of the spring. Also 
running within the spring is a conventional 
core wire (.018 inch diameter). It is our 
preference to leave the .o18 inch stiffening 
wire unattached at either end (to avoid 
fixed-point stress and to increase control 
over tip configuration). Distal attachment 
of stiffening wire to spring some distance 


* Cook Incorporated, 925 South Curry Pike, Bloomington, 
diana. 
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Fic. 1. Diagrammatic sketch of guarded 
catheter guide. Guard wire currently used is .0o8 
inch in diameter, and not shown true scale in sketch. 


behind a flexible tip can be achieved 
desired. The thin guard wire prevents frag- 
ment separation in the event of breakage, 
but detracts little from tip flexibility. A 
design advantage is evident in that the 
guard wire affords a simple method for con- 
trolling the configuration of a pre-curved 
guide tip, a subject meriting brief digres- 
sion at this juncture. 


CONTROLLED TIP CONFIGURATION 
FOR CATHETER GUIDES 


If, during the course of a selective cathe- 
terization, we are able from the outside to 
alter the flexibility and configuration of the 
exploring end of a catheter or its guide, we 
are better able to pick off desired arterial 
branches or pass safely through valvular 
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safety 


959 


orifices. It is this basic capability which 
Prioton added to Seldinger’s guide, thereby 
opening the way to extensive subsequent 
use of left heart catheterization. Flexibility 
is easily controlled by advancing or with- 
drawing the stiffening core. There are a 
variety of ways of controlling the radius of 
tip curvature of guide and/or catheter. 
Perhaps the simplest of these is the use of 
pre-shaped flexible thermoplastic catheters, 
pioneered by Ödman.? With these and 
catheters of other materials, a simple guide 
is usually used for percutaneous insertion 
and to modify catheter stiffness and con- 
figuration during the procedure. There have 
been developed several techniques for 
“positive” catheter control. In 1960 Mr. 
Lowell Edwards designed, made, and pro- 
vided our laboratory with a prototype 
catheter that went considerably beyond 
anything then available through incorp- 
oration in its wall of a hollow flexible shaft, 
braided from 12 strands of fine stainless 
steel wire. By virtually eliminating shaft 
torsion, this provided highly accurate 
torque or rotary control of the catheter. 
He also designed and constructed a special 
controlled curvature catheter tip guide. 
More recently, Viamonte and Parks,’ and 
Gensini' have reported on similar torque- 
controlled catheters (marketed by the 
Cordis Corporation and U. S. Catheter and 
Instrument Corporation, respectively). In 
addition to the use of braided wire con- 
struction, torque control can be obtained by 
case hardening (“‘egg-shelling’’) the outer 
surface of certain thermoplastics, a tech- 
nique used in radiopaque teflon catheters 
by Dr. Eugene Klatte and Mr. William 
Cook (personal communications). Yet an- 
other means for sophisticated catheter tip 
control is the special guide system devised 
by Muller (and marketed by U. S. Catheter 
and Instrument Corporation). 

To the foregoing methods for catheter 
control, the safety catheter guide reported 
upon here adds yet another. Through an 
appropriate combination of deformity and 
heat, the tip of the safety guide can be 
formed with a desired curvature. By re- 
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tracting the guard wire relative to the 
outer coilspring, the latter can be shortened, 
compressing the gaps at the periphery of 
the previously imparted spring curvature. 
Immediate straightening results. The con- 
ventional stiffening wire can, by bending it, 
also be used to further the variety of tip 
configurations obtainable (through a com- 
bination of its malleability and its mobility 
within the spring). We have used such 
guides for several months; none has yet 
broken. 


SUMMARY 


1. Guide spring breakage can be lessened 
by several means: (1) the proper choice of 
spring wire, (2) avoidance of chemical 
weakening (as by acid core solder or electro- 
plating), (3) pre-use testing, (4) in-use 
avoidance of overflexion, and (5) minimum 
re-use of spring guides. Attention to the 
foregoing will minimize but not prevent 
the breakage of catheter guides. 

2. The clinical importance of guide break- 
age can be reduced markedly by the use of a 
slender, separate guard-wire which, to- 
gether with the usual fixed or movable 
central stiffening wire, runs through the 


center of the guide and which, through at- 


tachment to the extreme tip of the guide, 
prevents separation in the event of spring 
breakage. The integrity and attachment of 
this inner guard wire can readily be tested 
(by attempting to stretch the spring) and 
its fracture at the time of spring breakage 
appears to be an extremely unlikely event 
in the hands of the alert and competent 
worker. This new safeguarded catheter 
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guide is commercially available at a cost 
which permits it to be used as an expend- 
able item. 

3. Guide tip configuration can be externally 
controlled by shortening so as to “stack” 
coils and thereby straighten the axis of a 
pre-curved guide spring. This approach re- 
quires the use of an inner wire attached to 
the tip of the catheter which would inter- 
fere with tip flexibility were the ordinary 
core wire to be used for this purpose. The 
safety guide reported here offers means for 
increasing safety and control without 
greatly increasing the cost of guided cathe- 
terization. 


Charles T. Dotter, M.D. 
Department of Radiology 
University of Oregon Medical School 
3181 S.W. Sam Jackson Park Road 
Portland, Oregon 97201 
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PHOTOGRAPHIC SPOT FILMS AND RADIOGRAPHIC 
SPOT FILMS* | 


By BERTRAM R. GIRDANY, M.D., STEVEN E. ROSS, M.D., and FRED A. LEE, M.D. 


PITTSBURGH, PENNSYLVANIA 


Peo COPY allows observation of 
t the dynamic radiographic image and 
enables the radiologist to expose “spot 
films” that demonstrate subtle or fleeting 
fncings to their best advantage. Fluoros- 
copy with conventional equipment can be 
uneconomical in terms of information ob- 
tained compared with the radiation needed. 
Although no evidence has shown that 
roentgen rays are harmful at the levels 
ordinarily used in diagnostic procedures, it 
Is prudent to minimize radiation exposure 
to all patients, and especially to infants and 
chidren. Technical advances during the 
past decade, including image amplifiers and 


closed circuit television systems have 
significantly reduced radiation recutre- 


ments for fluoroscopy. Since 1960, these 
cleetronically enhanced fluoroscopic images 
have been routinely recorded on television 


tape’? at this hospital. At least § difterent 


video-tape recorders are now commercially 
available for use in radiography. 
Video-tape recording of the fluoroscopic 
mage improves consultative services. The 
referring physician interested in the de- 
tailed findings in his patients can review 
the entire tape recording with or without 
the fluoroscopist in attendance. 
Video-tape recording helps in teaching 
and training radiologists. The fluoroscopist, 
often a radiologist in training, records on 
magnetic tape the entire examination of 
every patient; because the tape records 
only the fluoroscopic exposures, the ex- 
aminations can be reviewed in less time 
than was required for their actual per- 
formance. For example, combined studies 
that have taken 3 or more hours to perform 
can be reviewed in less than an hour by the 
radiological staff as part of the daily ac- 
tivities of their department. In this wav, 
x 
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every resident can have daily fluoroscopic 
experience without daily exposure to radia- 
tion and with economy in time. Working 
habits of young radiologists can be con- 
vemently and critically evaluated because 
every examination is reviewed. Finally, 
through these reviews every patient is ex- 
am ned by experienced members of the de- 
partmental staff. 

Video-tape playback may not be possible 
on the hospital wards or in physicians’ 
offices; therefore, other methods are needed 
to record important fluoroscopic findings. 
The radiologist can expose spot films con- 
vertionally; this requires additional radia- 
tion and negates a major advantage of the 
electronically enhanced magnetically re- 
corded image. As much as § minutes of the 
fluoroscopic examination can be recorded 
on magnetic tape with the amount of 
radiation needed for one single film ex- 
posure. “Photographic spot films’ made 
from the tape recorded image during plav- 
back of the tape require no additional 
radiation and afford permanent records of 
the examination, 


TECHNICAL DETAILS 
The basic equipment necessary to make 
photographic spot films consists of a tripod 
mounted 35 mm. camera placed in front of 
a television monitor (Fig. 1). The camera is 
equipped with an iris type (nonfocal plane) 
shutter, an F2 lens, and is set at a shutter 
speed of 1/30th second. This speed records 
a fully interlaced television image. High 
speed films such as Kodak Tri X or DuPont 
g2tB are used. A darkened viewing room 
eliminates ambient light. 
The exposed film is simply and rapidly 
developed in any automatic x-ray film 
processor, which also effectively increases 


From the Department of Radiology, University of Pittsburgh, School ef Medicine and the Children’s Hospital of Pittsburgh, 





lic. 1. The basic equipment for photographic spot 
films of the tape recorded fluoroscopic image con- 
sists of a 35 mm. camera mounted on a tripod 
placed in front of a television monitor. 


the speed of the film threefold and en- 
hances its contrast accordingly. The photo- 
graphic spot films are viewed or projected 
on standard film strip equipment (Fig. 2). 

The use of two television monitors, one 





Fic. 2. The photographic spot film strip is viewed on 
any standard film strip equipment. 
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specifically for viewing, and the second 
equipped with a blue phosphor kinescopic 
tube for photographic recording with blue 
sensitive film (DuPont 834B), permits si- 
multaneous unobstructed viewing and pho- 
tographic recording withcut the necessity 
of absolute darkness in the viewing room 
(Fig. 3). A rapid film acvance accessory 
and a 200 feet film magazine allow unin- 
terrupted photographic spot filming. Figure 
4, 4 and B shows close-up views of the 
camera and accessories, mounted on top of 
a commercially available Kine recorder. 


DISCUSSION 


Advantages of photographic spot films 
over conventional radiographic spot films 
include: 

i. No added radiation to the patient. 
Many photographic spot films can be ob- 
tained in rapid succession (up to 6 per 
second) without any additional radiation to 
the patient, since the image on the photo- 
graphic film is formed by light rays from 
the monitoring screen and vot by roentgen 
rays passing through the patient (Fig. 5). 

2. Insight by hindsight. Often the radiol- 
ogist sees the important findings to better 
advantage after he has exposed a significant 
number of radiographic spot films. He must 
then decide whether further spot films with 
added radiation are warranted for a more 
convincing demonstration of important 





Fic. 3. The use of two television monitors enables 
simultaneous unobstructed group viewing and re- 
cording of the fluoroscopic image. 
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A 


lic. 4. (4 and B) Close-ups of the camera equipped with a 200 foot film magazine and a rapid film advance 
mechanism mounted on a commercially available kine-recorder. This monitor is equipped with a blue 
phosphor and blue sensitive photographic film is used. The review and record session can be carried out 
without the necessity of total darkness in the viewing room. 


findings. This problem is eliminated with 
phatographic spot films. After review of an 
examination recorded on tape, the best 
observations can be chosen for the per- 
manent record on photographic spot alms. 
In effect, these represent “retrospective 
spot films.” 

3. No time lag between observation aud re- 
cording. Conventional spot films cannot be 
immediately exposed during the fluoro- 
scopic examination because of the neces- 
sary delay involved in bringing the roent- 
genographic cassette into position. The 
radiologist exposing spot films hopes to 
show what he saw on direct fluoroscopy. All 
too often, this spot film exposure does not 
corroborate the fluoroscopic observation. 
Continuous cine radiographic studies? elim- 
mate this problem, but require relatively 


high radiation levels and special cine radio- 
graphic equipment. The photographic spot 
film recorded from the television playback 
allows choice of proper image and elim- 
inates the time lag between the fluoroscopic 
observation and the film exposure. The 
radiologist reviews the tape with the cer- 
tainty that he is photographing the per- 
tinent parts of the examination. 

4. Uninterrupted observations. In con- 
ventional fluoroscopy, observation is inter- 
rupted every time a radiographic spot film 
is obtained. Tape review eliminates such 
Interruption. 

s. Low film costs. With 35 mm. photo- 
graphic spot films, the cost of each image 
is a small fraction of that of conventional 
raciographic spot films. This does not sug- 
gest economic advantages of the method, 
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lic. 5. Direct positive contact prints of the photographic spot film from a tape recorded 
cystogram illustrate the quality of these images. 
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Fic. 6. The individual film strip (left) is kept in a 
special envelope which is filed with the stzndard 
roentgenograms. Copies (right) of the alm strip 
can be made on a Kalvaray film duplicator. These 
copies can be sent to the referring physician for his 
record, or placed in the patient’s chart. 


but the lower cost of the photographie spot 
films helps cover the additional cost ef the 
electronic equipment. 


SUMMARY 


Fluoroscopic examinations can le re- 
corded on television tape at low rad-ation 
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levels making possible better teaching and 
training of young radiologists and better 
service to referring physicians. 

Important findings can be recorded 
photographically from the image on the 
monitoring screen during a subsequent 
playback of the recorded tape (photo- 
graphic spot films), at a small cost and with 
no added radiation to the patient. Photo- 
graphic spot films on 35 mm. film can be 
processed in regular automatic x-ray pro- 
cessors, with no special equipment or per- 
sonnel. These filmstrips are filed in special 
envelopes within the regular radiographic 
folder of each patient (Fig. 6). 


Bertram R. Girdany, M.D. 
Department of Radiology 
Children’s Hospital of Pittsburgh 
125 De Soto Street 

Pittsburgh, Pennsylvania 15213 
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INVESTIGATIONS IN COLORED RADIOGRAPHY* 


By HARVEY R. PRINS, D.Exc.,f J. LAWRENCE KATZ, Ph.D., $ and 
FRED W. BILLMEYER, Jr., Pu.D.§ 
TROY, NEW YORK 


AN lives today surrounded by a 

world of color. On all sides, he sees 
the myriad of hues produced by both na- 
ture and his fellow man. Struck by the 
sheer brilliance and beauty that color gives 
to his world, he is, nevertheless, aware that 
the three dimensional quality of color pro- 
vides another function of major impor- 
tance: the imparting of information. 

Only a few examples need be mentioned 
of the additional capacity for information 
transmittal contained in colored media as 
compared to black and white. The impact 
of colored motion pictures, color television, 
and the use of color in advertising is self- 
explanatory. The person with normal color 
vision has tremendous advantages in every- 
day living over the color-blind or color- 
deficient person. In the fields of photo- 
grammetry and aerial photography, colored 
pictures have proven to have very definite 
advantages over black and white pictures. 
The underlying reason for these advan- 
tages is the basic fact that black and white 
images are limited to one parameter; bright- 
ness, whereas colored images have three 
parameters; brightness, hue and satura- 
tion. If the three parameters of color are 
thought of as axes on a three dimensional 
graph, color can be thought of in terms of a 
“color space.” Black and white images are 
limited to one dimension in color space. 
The additional parameters of color permit 
more information to be conveyed. 

There are no sharp boundaries between 
the various regions of the electromagnetic 
spectrum, and properties of one region 
may be common to another region also. 


The similarities between light and x-rays 
are discussed in an article by Tasker.*° 
Both types of radiation can be produced 
and controlled by electrical equipment, and 
both can be polarized, refracted, absorbed 
and scattered as well as made to cause 
fluorescence. Both types also can interact 
with a photographic emulsion to produce 
an image. 

Recognizing the advantages of colored 


images, a number of investigators has 
attempted to produce colored radio- 


graphs.” pM aes” Donovan, the first 
investigator, performed a variation of 
Maxwell’s experiment in colored photogra- 
phy.®&%0 He made a series of three radio- 
graphs of a subject, taken at three different 
energies, and treated them as separation 
negatives. He superimposed the images of 
these three radiographs on a white screen 
while projecting them through red, green, 
and blue filters. A colored image resulted. 

Most of the past attempts at attaining 
colored radiographs have been empirical. 
The scientific processes involved have not 
been delineated. The purpose of the authors 
is to discuss the various factors involved in 
the radiographic process, the interrelation 
of these factors, and how the process can 
best be altered to obtain more information 
about the subject. 


THE RADIOGRAPHIC PROCESS 


The three essential components in radi- 
ography are the x-ray source, the subject 
and the recording medium (in this case a 
photographic emulsion). The subject is be- 
tween the source and the recording medium 


* This research has been supported by the NIH through both the National Institute of Dental Research under Grant sft DE 117-02 
and the Division of Radiological Health under Grant 3TrRH4-0451(65). 
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in partial fulfillment of the requirements for the degree of Doctor of Engineering in the Department of Environmental Engineering. 
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Institute, Lowell, Massachusetts. 


Associate Professor of Radiological Health, Lowell Technological 


966 


VoL. 98, No. 4 


and the resulting image is a “‘shadow- 
graph.’’ The information that can be ob- 
tained from the resulting image is a unc- 
tion of these three major components. 
Normally, the subject is unknown bit for 
the purposes of this study it was wel de- 
fined quantitatively and qualitatively 
Mathematically, the radiographic pro- 
cess can be described by the relationship: 


D= | ETER EE 
where 


E is the energy of the x-ray photon, 
D is the density on the processed 
radiograph, 
I(E) is the intensity-distribution func- 
tion of the x-ray source, 
T(E) is the spectral-transmission func- 
tion of the subject, and 
R(E) is the spectral-response function of 
the detector. 


The density is also influenced by the 
time of processing and the temperature and 
concentration of the reagents in processing. 
However, these can be controlled to main- 
tain constant conditions. 

It should be noted the Z(E) is in terms 
of photons per energy increment. For direct 
exposure to x-rays, the density is linearly 
proportional to exposure over a consider- 
able region. 

Unfortunately, the above function can- 
not be expressed in analytical form. Jow- 
ever, I(E) can be specified by a spectral 
energy-distribution curve, T(E) by a spec- 
tral-transmission curve, and R(E) by a 
spectral-response curve. When these three 
curves are multiplied together, ordinate by 
ordinate, a spectral-stimulus curve results. 
The area under the spectral-stimulus curve 
rs directly proportional to the densi-y on 
the finished radiograph. 

In this study, the three curves mentioned 
above were determined from data avælable 
m the literature and the area under the re- 
sulting spectral-stimulus curve was com- 
pared to the measured densities of the pro- 
cessed radiographs. 
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X-RAY SOURCE 


The x-ray source for this study was a 
General Electric model R-2 Diagnostic 
X-ray Unit. This unit has a self-rectified 
circuit and uses a tungsten target Coolidge 
tube. Throughout the course of this study, 
the unit was operated at ṣo KVP (kilovolts 
peak) with a focal spot of 2 square milli- 
meters. One millimeter of Al filtration was 
permanently fixed at the tube port. 


Only a small portion of the center of the 





Fic. 2. Plan view of the subject. 
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Tapie I 


COMPONENTS OF THE SUBJECT 





Material Thickness 








Component 
Background none none 
A thick bone 350 mg./cm.? 
B thin bone 358 mg./cm.? 
C medium bone 730 mg./cm.? 
D — thin chloramine T 598 mg./cm.? 
E thick chloramine T 1337 mg./cm.? 
I thin dimethylglyoxime $99. mg./cm.? 
R 


G medium dimethylglyoxime 1210 
1950 


mg./cm. 
mg./cm. 


- 
te 


H ~~ thick dimethylglyoxime 





held was used in order to minimize the 
“heel effect.” A picture of the anode taken 
by the pinhole camera technique revealed 
an imperfection on the target. However, 
measurements of exposed film made with a 
microphotometer showed the field to be 
uniform. 

The spectral distribution curve (Fig. 1) 
for the x-ray source was obtained from a 
report by Aitken and Dixon.! These authors 
were the only ones who gave data for self- 
rectified units. They determined the spec- 
tral distribution curve by scintillation 
spectrometry using a Nal (TI) crystal and 
a multichannel analyzer. They explain in 
detail how the data were corrected for the 
resolution of the detector and for fluores- 
cence losses from iodine. 


SUBJECT 


A diagram of the subject is shown in 
Figure 2. The components, listed in Table 
1, were chosen with some regard to subjects 
that might be encountered in medical radi- 
ography, although no intensive study was 
made of the composition and density of 
tissue. The components of the subject were 
made of reagent grade chemicals pressed 
into pellet form with a hydraulic press. This 
assured uniform density as confirmed by 
the radiographs. 

The components called “bone”? were 
made of a known mixture of P.O; and 
Ca(OH). This mixture approximates the 
major constituents of bone.!® The crystal 
structure and chemical composition of bone 
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can be more accurately approximated by 
the hydroxyapatite, 3Ca3(PO,).-Ca(OH),; 
however, this mineral was not available in 
the desired form. 

The subject component chloramine T, 
1-CH;CsHy-4-SO,.NCINa -3H,O, was taken 
to represent some of the heavier organic 
substances present in tissue. 

It should be pointed out that no great 
pains were taken to represent a medical 
subject, the essential factor being that the 
subjects could be described quantitatively 
and qualitatively. 

The subject components were weighed on 
a precision analytical balance and the 
thickness of each was determined in milli- 
grams per square centimeter. The com- 
ponents were then hermetically sealed in a 
box with 5 mil thick mylar windows. A grid 
was constructed on the bottom of the box 
with o.o1 inch stainless steel wire. This grid 
facilitated measurements made with the 
microphotometer and also aided in getting 
radiographs in register in a later part of the 
experiment. 

The background of the subject is the un- 
attenuated beam. 

The spectral transmission curve for the 
subject is shown in Figure 3. The data to 
compute this curve were taken from a re- 
port by Stainer.?* In this report the data 
given by S. J. M. Allen were used. 

Since only an approximation of the radio- 
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FIG. 3. Spectral transmission curve. 
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and the resulting image is a “‘shadow- 
graph.” The information that can be ob- 
tained from the resulting image is a func- 
tien of these three major components. 
Normally, the subject is unknown but for 
the purposes of this study it was well de- 
fined quantitatively and qualitatively. 
Mathematically, the radiographic pro- 
cess can be described by the relationship: 


p = | ray rR eae 
where 


E is the energy of the x-ray photon, 
D is the density on the processed 
radiograph, 

is the intensity-distribution func- 
tion of the x-ray source, 

is the spectral-transmission func- 
tion of the subject, and 

is the spectral-response function of 
the detector. 


The density is also influenced by the 
time of processing and the temperature and 
concentration of the reagents in processing. 
However, these can be controlled to main- 
tain constant conditions. 

It should be noted the /(£) is in terms 
of photons per energy increment. For direct 
exposure to x-rays, the density is linearly 
proportional to exposure over a consider- 
able region. 

Unfortunately, the above function can- 
not be expressed in analytical form. How- 
ever, I(E) can be specified by a spectral 
energy-distribution curve, T(E) by a spec- 
tral-transmission curve, and R(E) by a 
spectral-response curve. When these three 
curves are multiplied together, ordinate by 
ordinate, a spectral-stimulus curve results. 
The area under the spectral-stimulus curve 
is directly proportional to the density on 
the finished radiograph. 

In this study, the three curves mentioned 
above were determined from data available 
in the literature and the area under the re- 
sulting spectral-stimulus curve was com- 
pared to the measured densities of the pro- 
cessed radiographs. 
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X-RAY SOURCE 


The x-ray source for this study was a 
General Electric model R-2 Diagnostic 
X-ray Unit. This unit has a self-rectified 
circuit and uses a tungsten target Coolidge 
tube. Throughout the course of this study, 
the unit was operated at 50 KVP (kilovolts 
peak) with a focal spot of 2 square milli- 
meters. One millimeter of Al filtration was 
permanently fixed at the tube port. 

Only a small portion of the center of the 





tc. 2. Plan view of the subject. 
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TABLE I 


COMPONENTS OF THE SUBJECT 








Component Material Thickness 

Background none none 
A thick bone 350 mg./cm.? 
B thin bone 358 mg./cm.? 
C medium bone 730 mg./cm.? 
D thin chloramine T 598 mg./cm.? 
E thick chloramine T 1337 mg./cm.? 
IX thin dimethylglyoxime 599 mg. cm.” 
G medium dimethylglyoxime 1210 mg. cm.” 


H ~~ thick dimethylgl voxime 1950 mg./cm. 





field was used in order to minimize the 
“heel effect.” A picture of the anode taken 
by the pinhole camera technique revealed 
an imperfection on the target. However, 
measurements of exposed film made with a 
microphotometer showed the field to be 
uniform. 

The spectral distribution curve (Fig. 1) 
for the x-ray source was obtained from a 
report by Aitken and Dixon.! These authors 
were the only ones who gave data for self- 
rectified units. They determined the spec- 
tral distribution curve by scintillation 
spectrometry using a Nal (TI) crystal and 
a multichannel analyzer. They explain in 
detail how the data were corrected for the 
resolution of the detector and for fluores- 
cence losses from iodine. 


SUBJECT 


A diagram of the subject is shown in 
Figure 2. The components, listed in Table 
1, were chosen with some regard to subjects 
that might be encountered in medical radi- 
ography, although no intensive study was 
made of the composition and density of 
tissue. The components of the subject were 
made of reagent grade chemicals pressed 
into pellet form with a hydraulic press. This 
assured uniform density as confirmed by 
the radiographs. 

The components called ‘“‘bone’” were 
made of a known mixture of P.O; and 
Ca(OH)». This mixture approximates the 
major constituents of bone.!® The crystal 
structure and chemical composition of bone 
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can be more accurately approximated by 
the hydroxyapatite, 3Ca3(PO,).-Ca(OH),; 
however, this mineral was not available in 
the desired form. 

The subject component chloramine T, 
1-CH;C,H.-4-SO.NCINa-3H.O, was taken 
to represent some of the heavier organic 
substances present in tissue. 

It should be pointed out that no great 
pains were taken to represent a medical 
subject, the essential factor being that the 
subjects could be described quantitatively 
and qualitatively. 

The subject components were weighed on 
a precision analytical balance and the 
thickness of each was determined in milli- 
grams per square centimeter. The com- 
ponents were then hermetically sealed in a 
box with 5 mil thick mylar windows. A grid 
was constructed on the bottom of the box 
with o.o1 inch stainless steel wire. This grid 
facilitated measurements made with the 
microphotometer and also aided in getting 
radiographs in register in a later part of the 
experiment. 

The background of the subject is the un- 
attenuated beam. 

The spectral transmission curve for the 
subject is shown in Figure 3. The data to 
compute this curve were taken from a re- 
port by Stainer.** In this report the data 
given by S. J. M. Allen were used. 

Since only an approximation of the radio- 
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graphic process was sought, it was justifi- 
able to use absorption coefficients deter- 
mined in a narrow beam attenuation for 
broad beam application. The attenuation 
process in the energy region under consider- 
ation occurs predominantly by the photo- 
electric effect. There is considerable co- 
herent scattering at lower energies but 
these photons have been removed from the 
beam by the 1 millimeter aluminum filter. 
The fluorescence yields for the elements in 
the subject are low and their characteristic 
emission x-rays are of low energy, so this 
factor does not interfere. 

Unfortunately, facilities were not avail- 
able to measure the spectral transmission 
curve directly. 


RECORDING MEDIUM 


The recording medium chosen for this 
study was Kodak Non-Screen Medical 
X-ray Film. The general characteristics of 
this particular film have been investigated 
in more detail than those of most other 
films. Among the reasons for the choice are 
the following: 
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Ftc. 4. Spectral response curve. 
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PREDICTED RELATIVE DENSITY 





08 0.9 1.0 iI 2 
OBSERVED RELATIVE DENSITY 


liS. 5. Observed vs. predicted relative density. 


1. The reciprocity law holds for a direct 
exposure to x-rays," 
Density is linearly proportional to 
exposure over a wide density range." 
. The parameters of processing are well 
understood and can easily be con- 
trolled.” 
4. The spectral response to x-rays has 
been investigated.” 


to 


Go 


The spectral response curve for the x-ray 
film is shown in Figure 4. This curve was 
plotted from data determined by Seeman.” 

The 3 curves mentioned previously were 
multiplied together, ordinate by ordinate, 
to obtain the spectral stimulus curve for 
each component. The areas under these 
curves were determined and called “pre- 
dicted relative density.” These values are 
compared with “observed relative density” 
of the processed radiographs. The results 
are shown in Figure 5. 

The observed relative densities were ob- 
tained from readings taken on an Hilger 
L-470 microphotometer. 

A line was fitted to the points shown in 
Figure 5 by the method of least squares. 
The correlation coefficient was 0.974. 

This means that the radiographic pro- 
cess can be quantitatively described by 
describing the spectral-distribution curve, 
spectral-transmittance curve and spectral- 
response curve for the source, object and 
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recording medium used. However, the data 
in the literature leading to these curves 
cover only a limited energy range. 


COLORED RADIOGRAPHY-~COLORIMETRY 


The basic principles of the specification 
of color are given elsewhere. 18 However, a 
brief review may be helpful to the under- 
standing of some of the experimental and 
computational work. 

One basis for the specification of color 1s 
the experimental fact that any given color 
can be matched by a mixture of known 
amounts of three other colors, Known as 
primary colors. Experimentally, it may be 
necessary to add one of the primary colors 
to the unknown and then match this mix- 
ture with a combination of the other two 
known colors, 

The amounts of each of the primary 
colors required to produce a match are 
called “tristimulus values.” If one of the 
primaries has to be added to the unknown 
to obtain match, then the tristimulus value 
for that primary is given a negative sign. 
Otherwise, the tristimulus values are posi- 
tive. 

Any three primaries may be used pro- 
vided that no mixture of two of them would 
match the third. A common choice for the 
primaries is red, blue, and green. 

If one set of primaries is used to measure 
a second set of primaries, data taken by 
the first set can be transformed into data 
of the second set by a homogeneous linear 
transformation. 

In 1931 the Commission Internationale 
de VEclairage (CIE) recommended the 
adoption of three primaries which are, in 
fact, not physically realizable. The use of 
these primaries keeps all the tristimulus 
values positive. These primaries are defined 
in terms of the amounts of each of them 
which must be added together to obtain 
the spectrum colors. These amounts 4,9, 
are the tristimulus values for the spectrum 
colors based on the CIE primaries. They 
represent in numerical terms the color 
matching capability of the normal human 
eye. 
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Since £,9,2 are defined for unit irradiance, 
it is necessary to multiply them by the 
spectral distribution function, Æ, where & 
defines a source-object spectral-energy dis- 
tribution, and integrate the products’ over- 
all wavelengths. Thus, in general the tri- 
stimulus values are: 


where Æ, &,%,2 are all functions of wave- 
length. Because of the choice of the CIE 
primaries, %,9,2 are not expressible in ex- 
plicit form. In addition, it is usually true 
that Æ is not expressible in any simple 
closed form. For this reason, it is neces- 
sary to divide the spectrum into segments 
and use summations which approximate 
the previous equations. 

It is generally more convenient to use 
nondsmensional quantities, so the chro- 
matiaty coordinates x, y, and z are intro- 
duced. 

They are defined by the equations: 


X 
y 

= FYZ 
Z 


Oniy two of the three chromaticity 
coordinates x, y, and z are independent 
since from the definitions it is evident that 


ape SL, 


Ary two of the three chromaticity co- 
ordinates, x, y, and z, may be plotted in 
two dimensions. Such a plot, usually with 
x as the abscissa and y as the ordinate, is 
known as a chromaticity diagram. It is 
custamary to plot on the chromaticity 
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diagram the points which correspond to the 
spectrum colors. Such a diagram is given in 
Figure 6. 

The relative luminosity function is the 
sensitivity of an average normal observer 
tc radiant energy of various wavelengths 
as far as the judgment of lightness is con- 
cerned. The luminous flux is the time rate 
of flew of luminous energy. 

With considerable foresight, the CIE 
chose 7 to be the relative luminosity curve. 
This means that the tristimulus value Y is 
directly proportional to the luminous flux 
in the light being considered. The tristimu- 
lus value Y is the lightness of a color. 

Since color has three parameters, it 1s 
necessary to give three quantities to specify 
a color. The two chromaticity coordinates, 
x and y, and the tristimulus value Y form 
one set of the three quantities that can be 
used. Another set is to give the amounts 
‘tristimulus values) of any three primaries 
which are required for a match. Still an- 
ether method is to specify the dominant 
wavelength, the purity and the lightness of 
a color, 

The dominant wavelength and purity 
can be found from the chromaticity dia- 
sram in the following manner. The neutral 
point is located at chromaticity coordinates 
of the light source used for viewing. For 
CIE Source C, an approximation represent- 
mg average daylight, this point is x= 
agiel, y=o.3165. A line can be drawn 
trom the neutral point through the point on 
the diagram which represents the given 
color. When this line is extended, it will 
intersect the spectrum locus. The wave- 
ength at which the intersection occurs is 
the dominant wavelength for the color. 

The straight line on the chromaticity 
diagram between 400 nm* and 700 nm 
represents the purples (mixtures of blue 
end red), which are not spectrum colors. 
Ifa line drawn from the “neutral point” 
through the sample point intersects the 
line from 400 nm to 7oo nm, then the 
cominant wavelength for that sample color 





“ams nanometer, the currently recommended name for milli- 
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lac. 6, Chromaticity diagram. 


is labeled as the dominant wavelength of its 
complementary color. This is the wave- 
length ef the point of intersection of the 
line through the neutral point and the 
sample point extrapolated to intersect the 
spectrum locus. 

Purity is the ratio of the distance be- 
tween the sample point and the neutral 
point to the distance between the spectrum 
locus and the neutral point. 

The dominant wavelength and purity for 
sample point P on the chromaticity dia- 
gram of Figure 6 are 520 nm and 60 per 
cent, respectively. The dominant wave- 
length and the purity for the sample point 
P’ are 495 nm (complementary) and 75 
per cent, respectively. 

The foregoing discussion was presented 
as a brief review of the science of colorime- 


try. More complete discussions may be 
found m many articles in the litera- 
ture 15,18, 21 


OPTIMUM COLOR PROCEDURE 


Radiographers have long known that the 
appearance of a radiograph depends on the 
voltage applied to the x-ray tube, just as 
photographers know that the appearance 
of a phetograph depends on the color of 
the light incident on the subject. 


972 


TABLE II 
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RELATIVE TRANSMITTANCE OF SUBJECT COMPONENTS 


I/I; 
Component 
25 KV 35 KY 45 KV 
Background I.000 1.000 1.000 
A 0.952 0.676 0.380 
B 0.457 0.234 0.162 
C O75 0.408 0.240 
D 0.347 0.200 0.158 
E 0.662 0.355 0.246 
F 0.162 0.138 0.132 
G 0.246 0.186 0.170 
H 0,339 0.246 0.219 


Examination of the spectral transmission 
curve (Fig. 3) in the previous part shows 
that the magnitude of transparency and 
even the order of transparency of the sub- 
ject components varies at different energies. 
In can also be seen, from an examination of 
the spectral transmission curve, why radio- 
graphs taken at low energies show much 
more contrast than those taken at high 
energies; in the low energy regions, the 
ordinates for the various components are 
much further apart than at high energies. 
If three radiographs are taken with dif- 
ferent mono-energetic x-rays, they can be 
treated like separation negatives in colored 
photography. The introduction of arbitrary 
color in the recombination will permit more 
information to be obtained than is the case 
in conventional radiography. 

For purposes of illustration, an example 
is calculated for the case when the mono- 
energetic x-rays are chosen at 25 KV, 35 
KV, and 45 KV. If the subject is exposed 
to x-rays of these energies, the densities of 
the components will be directly propor- 
tional to the ordinates of the spectral trans- 
mission curve at these points. 

The densities are converted over to frac- 
tional transmission by the basic relation- 
ship: 

D = log {o/I 


These are tabulated in Table 1. 
If the radiographs obtained in the above 
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manner were illuminated by spectrally pure 
lights obtained by taking narrow wave- 
length regions from a dispersed beam and 
their images projected in register on a white 
screen, the widest physically realizable 
spread of colors would result. 

Since color is not being reproduced but 
being introduced arbitrarily, a large num- 
ber of combinations is possible. However, 
since the eye is more sensitive to changes in 
hue than in purity or brightness, the recom- 
bination should be such that the chromatic- 
ity coordinates of the components fall 
around the neutral point. 

For purposes of illustration, the com- 
bination shown in Table rmx will be con- 
sidered. 

The amounts were so chosen that the 
components would fall around the neutral 
point. 

The chromaticity coordinates for the red 
light are x=.7347, y=.2653; for the green 
light, x =.0743, y =.8338; and for the blue 
light, «=.1733, y=.0048. 

Using the foregoing data and the laws of 
color mixing, the chromaticity coordinates 
for the various components were computed. 
These are tabulated in Table rv and plotted 
in Figure 7. 

The dominant wave length and per cent 
purity tabulated in Table 1v were obtained 
from a large chromaticity chart found in 
Hardy’s “Handbook of Colorimetry.’’!” 

The relative lightness tabulated in Table 
Iv is the weighted sum of the fractional 
transmission of the 3 radiographs. 

The color designation of the subject 
components was changed from the CIE 
system to the Munsell system and the 


Tase III 


ILLUMINATING LIGHTS 


Radiograph Uluminating Wavelength Amount 


Voltage Color 

25 KY red 700 nm 0.421 
35 KV green 520 nm 0.631 
45 KV blue 400 nm 1.000 


nm =nanometer; I nm = ToÅ. 
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TABLE IV 








COLORS OF THE SUBJECT COMPONENTS 








CIE Coordinates 








Loom ones Wavelength Purity 
x b. 

Background 0.2580 0.3132 490 20 
A 0.3247 0.3841 560 22 
B 0.3593 0.3484 584 22 
C 0.3647 0.3671 579 28 
D 0.3349 0.3364 580 12 
F, Gater Ocat 581 20 
9 0.2766 0.3179 492 13 
G 0.2023 -0:3227 496 O 
H 0.2986 0.3257 4 


çol 








* Relative to component A. 


ISCC-NBS system by use of the apprepri- 
ate charts.” This permits the ready identi- 
fication of these colors by the use of the 
Munsell Book of Color,” or the ISCC-NBS 
Dictionary of Color Names.” 

The foregoing analysis was made to 
determine the spread of colors possible for 
the chosen standard subject. Unfortu- 
nately, the conditions of the analysis are 
dificult to obtain in the laboratory. There- 
tore, methods which approximate those 
conditions were chosen. Mono-energetic 
x-rays were approximated with narrow 
bands of x-rays obtained by selective ab- 
sorption. Spectrally-pure light was ap- 
prommated by narrow bands of light using 
a tungsten lamp and Wratten filters. In 
place of a white screen, color-sensitive 
photographic paper was used. 


EXPERIMENTAL PROCEDURE—SEPARATION 


Methods of obtaining narrow energy 
bands of x-rays involve the use of a dif- 
fraction grating, x-ray fluorescence, radio- 
active isotopes, or selective absorption. 

The method of selective absorption was 
used in this study as the separation method. 
The freedom of varying the spectral distri- 
butien by changing the operating potential 
in conjunction with radiographic filters 
was not used in this study, since facilities 
were not available to measure the spectral 
distribution. It was necessary to start with 


Dominant Per Cent Relative 
Lightness* 








Munsell 


Designation 


ISCU.NBS 





Color Name 








BG 5/4 Moderate bluish green 


0.17 5 

1.00 7.5 GY g/4 Light yellow green 
Lya 7-5 YR 7/3 Light yellowish brown 
0.68 ı Y 8.5/4 Pale yellow 

0.37. 10 YR 6.4/1 Yellowish gray 

0.62 9 YR 8/3 Pale orange yellow 
0.24 7 BG 5.5/2 Grayish green 

43 s BG 6/2 Pale green 

0.43 10 G 7/1 Light grayish green 








the known spectral distribution curve taken 
from the literature. 

Selective absorption takes advantage of 
the fact that most materials are relatively 
transparent immediately adjacent to an 
x-ray absorption edge on the low energy 
side. Thus, by appropriate selection of type 
and amount of material, different narrow 
energy bands of x-rays can be obtained. 

In this study, six elements were investi- 
gated as selective absorbers or radiographic 
filters. These were cadmium, tin, antimony, 
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Fic. 7. Chromaticity plot of subject components. 
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liG. 8. Spectral distribution curves for Ba, Cd, and 
Sn filters. 


barium, cerium, and lead. The spectral 
transmission curves were computed for each 
of these radiographic filters and these 
curves were multiplied by the original 
spectral distribution curve to obtain new 
spectral distribution curves. The new 
spectral distribution curves are shown in 
Figures 8 and g, and the exposures neces- 
sary to obtain these curves are tabulated 
in Table v. Since the subject was inanimate, 
exposures could be made as long as neces- 
sary. 

Radiographs were made of the subject 
with the above radiographic filters placed 
at the tube port. The new spectral distri- 
bution curves were multiplied by the spec- 
tral transmission curve of the subject and 
the spectral response curve of the film and 
new spectral stimulus curves were obtained 
for each subject component and radio- 
graphic filter. The areas under these new 
spectral stimulus curves compared favora- 
bly with measured densities. 

Table vı shows the ratios of the subject 
component density to background density 
for the various radiographic filters. 

From the data in the previous table, sepa- 
ration coordinates can be calculated analo- 
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gous to the chromaticity coordinates of the 
CIE system. The relative densities from a 
series of three separation radiographs can 
be treated as the tristimulus values are in 
the CIE system. Two combinations were 
analyzed in this manner. These were: 


D=Cd filtered radiograph 
E= S6 filtered radiograph 
F= Ce filtered radiograph 


G= Sb filtered radiograph 
H=Ce filtered radiograph 
I= Po filtered radiograph 


From the foregoing, the “separation coor- 
dinates”? can be computed by the relation- 
ships: 





D E 
=D ELF DELF 
EF 

I= DELF 


Since d+e+/= 1, only two of these coordi- 
nates need be considered. For the other com- 
bination the coordinates were computed in 
the same manner. When two of these 
coordinates are plotted, “‘separation dia- 
grams” are obtained analogous to a chroma- 
ticity diagram. These two diagrams are 
shown in Figure 1o and 11. 





© 


Sb 


(PHOTONS) 


6 Ce 
Pb 


RELATIVE INTENSITY 
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Fic. o. Spectral distribution curves for Ce, Pb, and 
Sb filters. 
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TABLE V 


EXPOSURE FACTORS FOR RADIOGRAPHIC FILTERS 














g Amount Exposure 
Filter Type ae 
(mg./cm.?) (mas.) 
Cd 200 40 
Sn 320 50 
Sb 250 40 
Ba 170 16 
Ce 425 20 
Pb 320 200 








An indication of the color separation pos- 
sible can be obtained from an examination 
of the “separation diagrams.” The diagram, 
g vs. A, for the Sb, Ce, Ph combination, 
shows the subject components to fall in a 
more or less straight line. If this plot is 
superimposed on a chromaticity diagram, 
it can be seen that the color changes will be 
mainly changes in purity, or in hue over a 
relatively small range. The pattern of 
points in the diagram, d vs e, for the Cd, 
Sb, Ce combination, is more of an arc and 
if this were balanced around the neutral 
pomt in a chromaticity diagram, larger 
changes in hue could be obtained. 


EXPERIMENTAL PROCEDURE—RECOMBI- 
NATION PROCESS 


As stated before, color is not being re- 
produced in the radiograph, but is being 
introduced arbitrarily. This permits a large 
number of possible combinations. However, 


0.40 





0.30 


O10 


0.00 QIO 0.20 0.30 0.40 
d 


1G. 10, Separation diagram—Cd, Sb and Ce. 


one limitation is the fact that the eye is 
more sensitive to changes in hue than 
changes in purity or lightness. This means 
the distribution of colors should be balanced 
around the neutral point. 

The best method for recombination 
would be one that is very flexible. This 
could be some arrangement of three pro- 
jectors, each able to illuminate its radio- 
graph with a wide range of spectrum colors 
of various intensities. This type of an ar- 
rangement would permit the most informa- 
tion to be recovered. Such an arrangement 
would not give a permanent record in color, 
although the separation radiographs would 
be permanent. 


TABLE VI 


RELATIVE TRANSMITTANCE OF PROCESSED RADIOGRAPHS 




















Filters 

Component Cd Sn Sb Ba Ce Pb 

Background I . OOOO I . OOOO I . OOOO I . OOOO I . OOOO I . OOOO 
A 0.0796 0.0450 0.0618 ©. 1071 0.1786 0.3394 
B 0.3916 O.4054 0.4588 0.5306 0.6250 0.7459 
k 0.1854 ©. 1712 0.2118 0.2832 ©. 3839 0.5528 
D 0.4902 o. S494 0.5824 0.6301 0.6920 0.7683 
E 0.2330 0.2469 O. 3000 ©. 3622 0.4464 0.5569 
F 0.7693 0.8108 0.8235 0.8380 0.8571 0.8720 
G 0.6332 0.6577 0.6765 0.7002 0:7321 0.7581 
H O Gts 0.5382 0.5638 0.5982 0.6402 


AGTA 
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lic. 11. Separation diagram—Sb, Ce and Pb. 


The projection method for this study 
used a photographic enlarger in conjunction 
with Wratten colored filters. The radio- 
graphs were projected in sequence onto 
color-sensitive photographic paper. 

The photographic enlarger was a 4X5 
inch Press Solar Autofocus Enlarger. This 
contains a G. E. 301 tungsten lamp which 
approximates the CIE standard Source A 
in its spectral distribution of light intensity. 

The optical filters used were placed after 
the radiograph. These were Wratten Gela- 
tin Filters No. 25A (red), No. 58 (green), 
No. 47B (blue). 

The recording medium chosen for this 
portion of the study was Kodak Ektacolor 
Professional Paper. This choice was limited 
by the facilities available for processing 
color-sensitive paper. This is not necessarily 
the best color-sensitive paper for this pur- 
pose. 

This type of paper is a reversal paper. 
The colors projected on it are recorded as 
complementary hues and bright areas 
become dark. 


EXPERIMENTAL RESULTS 


Two series of separation radiographs 
were analyzed. The first set consisted of 
separation radiographs taken with the Sb, 
Ce and Pb radiographic filters. When re- 
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combined, the components of the standard 
subject were recorded in various shades of 
brownish-reds and yellows. This fact con- 
firmed the indication given by thecom- 
bination’s separation diagram. The second 
set consisted of separation radiographs 
taken with Cd, Sb and Ce radiographic 
filters. When this set was recombined, the 
components of the standard subject were 
recorded in various shades of blues, greens 
and yellows. This was also indicated by the 
combination’s separation diagram. 


DISCUSSION 


The energy range covered in this study 
was limited by two factors. First, the film 
had not been evaluated much past so KV 
since the main motive in evaluating it was 
for the application in crystallography. 
Second, above 50 KV Compton scattering 
of photons becomes considerable and their 
attenuation cannot be predicted in a 
straightforward manner. If the energy 
range had included the normal range 
covered in radiography, the possibility for 
increased color would be greater. 

The standard subject chosen had only 
eight components. If the range of densities 
and types of materials is extended, the 
possibility for increased color may be ex- 
tended. 

The change in color from one component 
to another is gradual since the change in 
the subjects’ spectral transmission curve is 
gradual. The requirement for an abrupt 
change in color is that the component be 
highly opaque at one energy and highly 
transparent at another energy. This con- 
dition is approximated when an element 
has an absorption edge. The elements of 
organic molecules do not have an absorp- 
tion edge in the energy range useful for 
radiography. However, many of the con- 
trast media used in radiology, such as 
barium, iodine and silver, do have an ab- 
sorption edge in the range of interest. 

The method of approach followed in this 
study was chosen to facilitate analysis and 
is not necessarily the best method for pro- 
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ducing colored radiographs. The subject 
chesen was inanimate and no motion was 
involved. Exposures could be long and the 
film could be changed between exposures. 
Ths would not be the case for a live sub- 
ject. However, it was necessary to separate 
the exposures to evaluate the effect of each 
independently. For clinical application it 
may be necessary to make the three separa- 
tion negatives with one exposure. However, 
much more investigation is necessary be: 
fore clinical application can be made. 
This work is closely related to the original 
work in colored radiography done by 
Donovan.*:?"° However, there are several 


important differences. Donovan’s work 
was largely empirical. The radiographic 


process was not analyzed. He made three 
exposures with the continuous unfiltered 
beam of the x-ray tube operated at 30, 32 
and 34 KVP. Aitken and Dixon! show how 
the spectral distribution of x-ray photons 
varies with the applied voltage. From an 
examination of these data and the spectral 
transmission curve of the subject, it must 
be concluded that the separation was small 
on Donovan's three radiographs. Also in his 
recombination process, Donovan did not 
mention that the colors of the subject com- 
ponents should be distributed about the 
neutral point to bring out the maximum in- 
formation, Others who applied Donovan’s 
method (National Geographic Magazine, 
Sept, 1958) made an unbalanced image 
which is essentially monochromatic. 

Donovan advocated the design of special 
equipment to make the three different ex- 
posures in rapid succession. Certainly the 
design of such equipment would not be 
difheult at the present level of technology 
but such an approach is premature. More 
stucy is needed betore clinical application 
can be made. 

Donovan did say that the projection 
method is the best method of recombina- 
tion since much information is lost in color 


printing. It is our opinion that this loss of 


information can be more than overcome by 
substituting analytical methods for empiri- 
cal methods in obtaining the colors. 
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CONCLUSTON 


Based on the results of this research in 
colored radiography, the following con- 
clusions have been drawn: 

. Fhe radiographic process can be com- 
plerely defined by specifying (a) the spec- 
tral energy distribution curve of the x-ray 
source, (b) the spectral transmission curve 
of the subject, and (c) the spectral re- 
sponse curve of the recording medium. 
When these three curves are multiplied to- 
gether, ordinate by ordinate, a spectral 
stimulus curve results. The measured 
densities on the processed radiographs are 
directly proportional to the areas under the 
spectral stimulus curves. 

2. Fach subject component has its own 
unique spectral transmission curve which is 
a funetion of its chemical composition, 
density and thickness. The magnitude and 
order of transparency change at different 

nergies for the various subject com- 
nents, 

. The x-ray beam can be resolved into 
en energy bands by selective absorp- 
tion. When these narrow energy bands are 
used to take radiographs, the magnitude 
and order of the densities of the subject 
components are changed. 

4. The possibility for colored radiog- 
raphy is an inherent property of the 
standard subject chosen for this study. 

Colored radiographs do contain more 
information than conventional radiographs. 

6. This study provides a basic analytical 
approach for the further study of colored 
radiography. 

J. Lawrence Katz, Ph.D. 
Department of Physics 

Row anc Laboratory 

Rensselaer Polytechnic Institute 
Troy, New York 12181 


REFERENCES 


1. Arreen,]. H., and Dixon, D. R. X-ray spectra 
from a 100 KV machine. National Research 
Council of Canada, Report APXNR  s62, 
ccs 
Sai on a ea non ae test- 
ing. AEC Report #ANL 6515, 1961, 203-217. 


978 


3. Buais, J. M., and Scnerwin, A. K. New color 
radiographic process, focal spot. F. Canad. Soc. 
Radiol. Technicians, 1954, 77, 65-66. 

4 Brum, J. M. Nouvelles emulsions sensibles aux 
rayonements invisibles. Sci. & Industr. Photo., 
1958, 29, 211-218. 

Bonann, L. J. Direct color roentgenography; 
theory and facts of color roentgenography. Am. 
J. Rognroeno.., Rap. THERAPY & NUCLEAR 
MED., 1958, 79, 333-341. 

Bonann, L. J., and Dowpy, A. H. LogEtronic 
simplification in simulated color radiography. 
Radiology, 1958, 70, §85~587. 

. Bryce, A. Experimental colour radiography. 
Brit. F. Radiol., 1955, 28, §52-553. 

Donovan, G E., and Jones, G. Colour in radi- 
ography. Proc. Roy. Soc. Med., 1951, 44, 
816-818, 

. Donovan, G. E. Radiography in colour. Lancet, 

1951, Z, 832-833. 

10o. Donovan, G. E. Colour in electron microscopy 
and radiography. 7. Photo. Sci., 1956, 4, 142- 
144. 

11. Duprey, R. A. Photographic film dosimetry. In: 
Radiation Dosimetry. Edited by Hine and 
Brownell. Academic Press, Inc., New York, 
1962. 

12, Eastman Kodak Company. Sensitometric Prop- 
erties of X-Ray Films, 1962, Rochester, New 
York. 

13. Eastman Kodak Company. Kodak Wratten 
Filters. Scientific and Technical Data Book 
B-3, 1962. 

14. Earuicu, S. G. Method of multi-colour radiog- 
raphy. 7. Biol. Photo. Assoc., 1954, 27, 15—16. 

15. Evans, R. M., Hanson, W. T., and Brewer, 
W. L. The Principles of Color Photography. 
John Wiley & Sons, Inc., New York, 1953. 

16. Fine, B. M. Color radiography. U.S. Patent, 


2 644 096, June 30, 1953. 


rá 


oN 


oO os 


© 


Harvey R. Prins, J. Lawrence Katz and Fred W. Billmeyer DECEMBER, 1966 


17, Harpy, A. C. Handbook of Colorimetry. Tech- 
nology Press, Cambridge, 1936. 

18. Jupp, D. B., and Wyszecxi, G. Color in Busi- 
ness, Science and Industry. John Wiley & 
Sons, Inc., New York, 1963. 

Ig. Kroxowsxi, E. Die Absorption von Röntgen- 
strahlen im Knochen. Fortschr. a.d. Geb.d. Rint- 
genstrahien u. d. Nuklearmedizin, 1959, 91, 76- 
84. 

20. MITTELSTAEDT, G. S. Color radiography. U. S, 
Patent, 3 o61 722, Oct. 30, 1962. 

a1. Mrrrexstagpr, G. S. Radiographs in contrasting 
color. U. S. Patent, 2 906 881, Nov. 4, 1958. 

a2, Muwnsext, A. H. Munsell Book of Color. Munsell 
Color Company, Baltimore, 1941. 

23. National Bureau of Standards, Circular 553. The 
ISCC-NBS Method of Designating Colors and 
a Dictionary of Color Names. 

24. Optical Society of America, Committee on Color- 
imetry. The Science of Color. Thomas Y. 
Crowell Company, New York, 1953. 

25. SCHWERIN, A. K. Color Radiography Process, 
U. S. Patent 2 807 725, Jan. 27, 1954. 

26. Seeman, H. E. Spectral sensitivity of two com- 
mercial x-ray films between 0.2 and 2.5 Ang- 
stroms. Reo. Sct. Insir., 1950, 27, 314. 

27. SHEPARD, J. C., Youna, K. M., Deem, L. B., and 
Kress, A. T. Direct color radiography. Army 
Med. Research Lab., Fort Knox, Ky., 1958, 
Report 3154A, 1-14. 

28. Srarner, H. M. X-Ray Mass Absorption Coeffi- 
cients; A Literature Survey. Bureau of Mines 
Report, BM-1C-8166, 1963. 

29. TAKAHASHI, S. Chromatoroentgenography (color 
roentgenography); method of taking colored 
roentgenogram on multi layer color film. 
Tohoku J. Exper. Med., 1952, 20, 43-45. 

30. Tasxer, H. S. X-rays versus light. Photo. F., 
1962, 90-B, 58—62. 


lan cs a, ing ee 


* 


Vea. 98, No. 4 


THE AMERICAN JOURNAL OF ROENTGENOLOGY 
RADIUM THERAPY AND NUCLEAR MEDICINE 


Editor: TRAIAN Leucuria, M.D, 
Assistant to the Editor: KENNETE L. KRaABBENHOFT, M.D. 


Associate Editors: Harry Hauser, M.D., Russert H. Morcan, m.b., Epwarp B., D. NEuHAUSER, M.D. 
Consulting Editorial Board: See front cover. 
Published by: CuarLes C Tuomas, Publisher, 301-327 East Lawrence Avenue, Springfield, Illinois. 





Issued monthly. Annual subscription: United States, Mexico, Cuba, Central and South America, and Canada 
$77.00; other countries, $17.00. Current single numbers, $7.50. Advertising rates submitted on application. Edi- 
toral office, gor Professional Building, Detroit 1, Michigan. Office of publication, 301-327 East Lawrence Avenue, 


AMERICAN ROENTGEN RAY SOCIETY 
President: C. A. Stevenson, Spokane, Wash.; 


President-Elect: C. A. Good, Rochester, Minn.; rst 
P’tre-President: A. E. Childe. Wan oee, Manitoba, 
Canada; 2nd Fice-President: E. M. McPeak, Wash- 
ington, D. C.; Secretary: T. F. Leigh, Emory Univer- 
sity Clinic, Atlanta, Ga.; Treasurer: S. W. Brown, 
14/7 Harper St., Augusta, Ga. 30902. 

fxecutive Council: C. A. Stevenson, C. A. Good, 
A. E. Childe, T. F. Leigh, S. W. Brown, F. M. Ful- 
lervove, R. G. Lester, J. F. Roach, F. J. Bonte, J.C 
Cook, H. O. Peterson, J. P. Medelman, T. Leucutia, 
R. L. Tondreau, C. B. Holman, E. F. Van Epps, 
S. F. Ochsner, J. S. Dunbar, Chairman, Montreal 
Children’s Hospital, Montreal, Canada. 

Program Committee: T. F. Leigh, J. F. Roach, T. 
Leucutia, J. C. Cook, H. O. Peterson, R. G. Lester, 
C. A. Stevenson, J. S. Dunbar, C. Allen Good, Chair- 
man, Mayo Clinic, Rochester, Minn. gg901, 

Publication Committee: R. N. Cooley, P. A. Rie- 
menschneider, J. A. Campbell, M. M. Figley, J. F. 
Roach, Chairman, Albany, N.Y. 

einance and Budget Committee: E. F. Van Epps, 
S., *. Ochsner, J. E. Holt, G. E. Sheline, T. M Ful- 
lenove, Chairman, San Francisco, Calif. 

Committee on Scientific Exhibits: |. O. Reed, R. R. 
Greening, R. G. Lester, Chairman, Durham, N., C. 

Adotsory Committee on Education and Research: 
C. M. Nice, Jr, H. G. Reineke, A. Raventos, A. R. 
Margulis, K. J. Bonte, Chairman, Dallas, Tex. 

Fepresentatives on the American Board of Radiol- 
ogy: J. F. Roach, Albany, N. Y.; C. A. Good, Roch- 
ester, Minn.; C. A. Stevenson, Spokane, Wash. 

Birector of Instruction Courses: H. O. Peterson, 
Mianeapolis, Minn., 4ssoc. Director: D. G. Mosser, 
Mianeapolis, Minn. 

Manager of the Annual Meeting: J. C. Cook, LL 14 
Professional Plaza, Detroit, Mich. 48201. 

Fditor; T. Leucutia, 401 Professional Building, 
Detroit, Mich. 48201. 

Representative on the Board of Chancellors of the 
American College of Radiology: Seymour F. Ochsner. 

caxty-eighth Annual Meeting: Washington-Hilton 
Hotel, Washington, D. C., Sept. 26-29, 1967. 


Springfield, Ilinois. Information of interest to authors and readers will be found on page ii. 


AMERICAN RADIUM SOCIETY 


President: Milton Friedman, New York, N. Y.; 

President-Elect: John L. Pool, New York, N. Y.; 
st Vice-President: Harry Hauser, Cleveland, Ohio; 

2nd Vice-President: Daniel Catlin, New York, N. Y.; 
Secretary: Fernando G. Bloedorn, Baltimore, Md.; 
Treasurer: Juan A. del Regato, Penrose Cancer 
Hospital, 2215 North Cascade Ave., Colorado 
Springs, Colorado 80907. 

Executive Committee: Charles G. Stetson, Chair- 
man, New York, N. Y.; Joseph H. Farrow; Justin 
J. Stein; Milton Friedman; Fernando G. Bloedorn; 
John L. Pool; Harry Hauser; Daniel Catlin; Juan A, 
del Rezato. 

Scientific Program Committee: Milton Friedman, 
Chairman; Richard H. Jesse; Gilbert H. Fletcher; 
Arthur J. Holleb; T. A. Watson; Roald N, Grant; 


Jokn L. Pool, Ex officio. 


Cammiitee on Arrangements: Clifford L. Ash, 
Chairman, Ontario Cancer Institute, goo Sherbourne 
St., Toronto 5, Ontario, Canada; Harold E. Johns; 
M. Vera Peters; W. G. Cosbie; R. A. Mustard; 
Carleton B. Peirce; Ivor Fix. 

Pubecation Committee: Harry Hauser, Chairman, 

Cleveland, Ohio; Wendell C. Hall, Hartford, Conn.; 
Martir Van Henk, Rochester, Minn. 

Pubic Relations Committee: R. C. Burr, Chairman, 
Kingston, Ontario, Canada; Ivor Fix; Antolin 
Raventos. 

Janeway Lecture Committee: William S. MacComb, 
Chairman, Houston, Tex. (1967); Clifford L. Ash 
(1989); A. N. Arneson (1971). 

Representatives on the American Board of Radiology: 
Donald S. Childs, Jr., Rochester, Minn.; Ralph M. 
Scott, Louisville, Ky.; Justin J. Stein, Los Angeles, 
Calif. 

Representatives on the National Council on Radia- 
tion Protection and Measurement: Herbert M. Parker, 
Richland, Wash.; Marvin M. D. Williams, Roches- 
ter, Minn., Liaison Members. 

Representative on the Board of Chancellors of the 
American College of Radiology: Charles G. Stetson. 

Forts-ninth Annual Meeting: Royal York Hotel, 
Toronto, Ontario, Canada, May 29-31, 1967. 


979 


een errr re AA RR RRA ARES He tel Mtr ot ee Roe HAHAH HEV AAEN TTEA EEN Y AEM AR RIMAGE RAMEE aaan neman aea a aaau 


eae kd fat 
DECEMBER, 1966 


naran A e I SATA PUA AARNE A A ys ARIANA AES re tora A aaa 


THE SIXTY-SEVENTH ANNUAL MEETING OF 
THE AMERICAN ROENTGEN RAY SOCIETY 


OR the first time in its history, the 
American Roentgen Ray Society con- 
vened in fabulous San Francisco, proverbi- 


ally ‘“‘everybody’s favorite city.” The 
occasion was the Sixty-seventh Annual 


Meeting, which was held at the new 
ultramodern San Francisco-Hilton Hotel 
from Tuesday, September 26 through 
Friday, September 30, 1966. 

The meeting was called to order at 
8:30 A.M. Tuesday morning by President 
John Paul Medelman of White Bear Lake, 
Minnesota. He introduced John B. de C. 
M. Saunders, M.B., F.R.C.S. (Ed inburgh), 
M.D., F.A C D., Chancellor of the Univer- 
sity of California Medical Center, San 
Francisco, California, who gave a warm 
Address of Welcome. ‘Chancellor $ Saunders 
with eloquence cited fascinating episodes 
from the early history of San Francisco in 
which physicians plaved important roles, 
and narrated in some detail the tremendous 
advances in all phases of radiology which he 
witnessed at the University of California 
during the past 40 years. In paying his re- 
spect to the splendid work of radiologists, 
he extended cordial greetings and wished 
the meeting great success. 

Chancellor Saunders’ Address was a 
delightful prologue to the excellent Scien- 
tific Program which was to follow immedi- 
ately after the installation of the new 
President. 

Dr. Medelman then with the assistance 
of Dr. Herbert M. Stauffer, 
the Executive Council, installed President- 
Elect Clyde A. Stevenson of Spokane, 
Washington, as the new President of the 
Society and presented him with the tradi- 
tional Gold Medal of the President. He was 
also presented with the symbolic Pfahler 
gavel, fashioned from a mastodon’s tooth 
recovered from Alaskan glacial ice, and the 


Chairman of 


working Erskine gavel made from memo- 
rabila of Röntgen, Coolidge and Snook. 

As a inal part of the ceremony, incoming 
President Stevenson presented outgoing 
President Medelman with the Past-Presi- 
dent’s Book, inscribed with his name. This 
beautifully executed volume contains color 
photographs of the Pfahler and Erskine 
gavels, and a list of the past presidents of 
the Society. 

After the conclusion of the induction into 
office, President a e gave his In- 
augural Address on “Problems of Radiol- 
ogy of Today and the Future.” [In this 
splendxi Address, President Stevenson 
discussed the numerous problems existing 
in Radiology of today, some of which seri- 
ously threaten its future and need careful 
solution if the specialty is to survive. “Our 
strengths are few and our weaknesses 
many,” said President Stevenson. The 
most important strength is “the full sup- 
port of the American Medical Association 
and many specialty organizations, other 
than onr own, in attempting to preserve our 
status as phy siclans practicing medicine in 
the specialty of Radiology.” The prime 
weaknesses are the present shortage of 
radiologists and radiologic technologists in 
the face of increased demands for our ser- 
vices; an insufficient cooperative effort 
recognizing the opportunities and needs of 
both the academic and non-academic divi- 
sions Gf our specialty; persisting differences 
in the philosophy of postgraduate training; 
and many others. Furthermore, “the 
knowledge explosion in Radiology,” has 
resultel in fragmentation into subspecialty 
branches, with more radiologists limiting 
their activity to a relatively smaller seg- 
ment of the main specialty. President 
Stevenson also pleaded the cause of the 
“Generalists” in Radiology, who---in the 
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words of Millis--“‘to be competent, have to 
be brighter, better educated, more ener- 
getic and more experienced than the spe- 
clalist.”” President Stevenson’s most timely 
apd thought provoking Address is pub- 
lished in full, as the leading article, in this 
issue of the JOURNAL, 

The Scientific Program commenced at 
9110 AM. Tuesday morning with President 
Stevenson in the Chair. Twelve papers were 
given at this morning’s session, comprising 
such varied topics as: Para-endocrine Syn- 
dromes Associated with Carcinoma of the 
Leng; Percutaneous Transthoracic Needle 
Bropsy; The Thoracic Radiographic Mani- 
festations of the Malignant Lymphomas; 
Asbestosis and Malignancy; The Chest 
Roentgenogram Following Supraglottic 
Sub-Total Laryngectomy; Pneumothorax 
and Pneumomediastinum in the Newborn 
Infant; Vascular Changes in Pulmonary 
Emphysema; The Lateral Film in Pulmo- 
nary Edema; Pneumocystis Carinit Pneu- 
monia (Plasma Cell Pneumonia); Radio- 
logic Manifestations of Confirmed Primary 
Teberculosis Before and during Antimicro- 
bial Treatment; Review of Logical Analysis 
Procedures for Roentgen Diagnosis; and 
Radioisotope Scanning of Extracranial 
Tumors, 

As is customary, the Instruction Courses 
were scheduled for the afternoon. These 
courses, which for a long time have been an 
essential part of the Annual Meeting of the 
Arnerican Roentgen Ray Society, were 
agun under the expert directorship of Dr. 
Harold O. Peterson, with Dr. Donn G. 
Mosser as Associate Director. An outstand- 
ing Faculty of Radiologists responded | to 
the invitations of Drs. Peterson and Mosser 
and the material presented on the various 
aspects of radiology dealing with diagnosis, 
treatment and interrelated subjects at- 
tracted capacity audiences throughout the 
meeting. 

Tuesday evening was reserved for the 
Caldwell Lecture, the most impertant 
scientific event of the Annual Meeting. 
Thas year the Society was in the uniquely 
fortunate situation of having one of the 
giants of contemporary medicine delivering 
this Lecture. He was introduced by F. J. L. 
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Blasingame, M.D., Executive Vice-Presi- 
dent of the American Medical Association, 
Chicago, Illinois. 

Dr. Blasingame in his “Introduction of 
Caldwell Lecturer of 1966” stated, “The 
speaker chosen to give the Caldwell Lecture 
tonight has been an effective man. His 
effectiveness has resulted from a generous 
combination of intelligence, energy, com- 
passion, and honesty along with other char- 
acteristics which have brought him renown 
and respect. This effectiveness has been 
demonstrated in a number of wavs: he has 
been an effective teacher; he has indelibly 
written his name across the gastrointestinal 
literature and has become nationally and 
internationally acclaimed tor his knowledge 
and contributions concerning the medical 
aspects of colon disease; he has developed 
and used new knowledge which he has 
readily passed on to others through his 
treatment of patients, his contacts with his 
fellow physicians and others working in the 
health field, and through his extensive 
writings.” 

The illustrious Lecturer was J. Arneld 
Bergen, M.D., Head of Section on Gastro- 
enterology, Scott and White Clinic; and 
Director of Medical Education, Scott and 
White Memorial Hospital, Temple, Texas. 
At the end of Dr. Blasingame’s introduc- 
tion, Dr. Bargen was given an unprece- 
dented standing ovation by the distin- 
guished audience of the evening. The title of 
his Lecture was “Chronic Ulcerative Coli- 
tis: Diagnostic and Therapeutic Problems. 
A Life Long Study.” 

At the conclusion of the Lecture, Presi- 
dent Stevenson presented to Dr. Bargen 
the Caldwell Gold Medal, the highest 
award of the Society for meritorious scien- 
tific achievement. 

The “Introduction of Caldwell Lecturer 
of 1966” by Dr. Blasingame and the Lec- 
ture by Dr. Bargen will be published in full 
in the January, 1967 issue of the JOURNAL. 

On Wednesday morning with Dr. John 
F. Holt of Ann Arbor, Michigan, First 
Vice-President, in the Chair, the Scientific 
Program was continued. The following 
subjects were discussed: Cine-Cholangio- 
manometry; A Radiologic Approach to the 
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Renal Mass; Roentgenological Evaluation 
of Bladder Neck Obstruction; Contrast- 
Globulin Precipitation, A Possible Cause of 
Induced Renal Failure in Patients with 
Multiple Myeloma Undergoing Intrave- 
nous Pyelography; Fibromuscular Dys- 
plasia of the Renal Arteries; Radiologic 
Observations on the Fate of Large Pulmo- 
nary Emboli; Pulmonary Embolic Disease 
-Pulmonary Angiography; Correlative 
Assessment of the Macroalbumin Lung 
Sean with the Clinical and Radiographic 
Chest Findings; Radiodiagnostic Tech- 
niques in the Diagnosis of Pulmonary 
Thromboembolism; Racioisotopic Tech- 
niques for Byaluaten of Pulmonary Dis- 
ease; Radioactive Scanning of Superior 
Mediastinal Masses; The Clinical Applica- 
tions of the Anger Gamma Camera to 
Disease of the Thyroid; and Clinical Use of 
the Spark Imaging Camera in Nuclear 
Medicine. 

On Wednesday afternoon at 1:30 P.M, 
the American College of Radiology pre- 
sented a timely and extremely important 
Panel Discussion titled “A Report from 
the American College of Radiology,” with 
Dr. Stevenson presiding. The members of 
the Panel were: Dr. J. E. Miller, Dallas, 
Texas, Moderator; Dr. Jackson E. Livesay, 
Flint, Mich.; Dr. Stanley M. Wyman, 
Cambridge, Mass.; and Dr. Antolin Ra- 
ventos, Philadelphia, Pa., Panelists. 

The Thursday morning Scientific Session 
was presided by Dr. Herbert M. Stauffer, 
eee an of the Executive Council. There 
were 13 papers read at this session. They 
were: “Biological Basis of Preoperative 
Radiation Therapy; Skin Sensitivity in 
Hyperbaric Radiation Therapy; The Para- 
dox of Breast Cancer; Palliative Irradia- 
tion for Bladder Carcinoma; Carcinoma of 
the Palatine Tonsil; Strabismus Produced 
by Intracranial Extension of Cancer of the 
Nasopharynx can be Cured with Radiation 
Therapy; Complete Calibration of an 
X-Ray Machine; Vascular Jet Contraction 
in Angiography; Ten Years Experience in 
Celiac Arteriography in the Diagnosis of 
Pancreatic, Portal and Hepatic Pathology; 
Experience with Postmortem Cerebral An- 
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giograpny Performed as Routine Procedure 
of the Autopsy; Positive Contrast Demon- 
stration of the Normal Auditory Canal; 
PseudoSuprasellar Tumors; and The Radi- 
ology of the Meningo-Hypophyseal Trunk. 

Thursday evening, starting at 6:30 P.M. 
was the gala Social Affair of the Meeting. 
Preceded by a Cocktail Party in the Con- 
tinental Parlors 7, 8 and 9, the Annual 
Banquet was held at 7:30 p.m. in the Con- 
tinental Parlor 6. The highlight of this 
evening was the presentation of the Scien- 
tific Awards (described in the following 
pages of the JourNaL). The banquet was 
followed by most enjoyable singing with 
orchestral entertainment and gay dancing. 

The Friday morning Scientific Session, 
presided by Dr. Justin J. Stein of Los 
Angeles, California, Second Vice-President, 
included 11 papers, comprising the follow- 
ing topics: The Use of Barium Sulfate 
Suspension for the Purpose of Making 
Early Radiologic Diagnoses in Patients 
Suspected of Having Obstruction of the 
Small Intestine; Superficial Spreading of 
Carcinema of the Stomach; The Retained 
Gastric Antrum; A Cartridge-Loaded 
Palm-Sazed Syringe for Gas Contrast Radi- 
ography; Radiographic and Anatomic Fea- 
tures of Double Outlet Right Ventricle; 
The Predictive Value of Volumetric Study 
of the Left Ventricle; Biplane Selective 
Coronary Arteriography Via Percutaneous 
Transfemoral Approach; Controlled Exit 
Catheterization; The Newborn Skull; Am- 
niography for Placental Localization; In- 
traveneus Placentography; Sexual Pre- 
cocity, Precocious Puberty and Virilism, 
Radiologic Findings; and A Roentgen 
Evaluation of Patients with the Turner’s 
Phenotype. 

The last series of Instruction Courses 
were gwen early Friday afternoon and were 
again completely sold out. 

The Scientific Exhibits, assembled by 
Dr. Joseph O. Reed and his Committee; 
and the Technical Exhibits, authoritatively 
arranged by Mr. Clifford L. Sherratt, Hon- 
orary Member, and Dr. James C. Cook, 
Manager of the Annual Meeting of the 
Society, were numerous, of exceptional 
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quality and of highest artistic display. They 
contributed immeasurably to the great 
suecess of this year’s Annual Meeting. 

Yet, in a city of ‘“‘auriferous splendor,” 
reminiscent of the old gold dust days, the 
mest significant factor contributing to the 
over-all success of a convention may per- 
haps be the genial hospitality of the local 
mbhabitants derived from a rich heritage. 
Dr. Thomas M. Fullenlove, ubiquitous host 
as Chairman of the Committee on Local 
Arrangements, his charming wife, Sally, 
enthusiastic Chairman of the Ladies’ Com- 
mittee, and the very efficient members of 
their Committees, had arranged Social 
Activities of a most unique character. 

On Monday, preceding the beginning of 
the meeting, the Annual Golf Tournament 
tor Members and Guests was held at the 
farnous Olympic Club of Lakeside, San 
Francisco, in beautiful surroundings, over- 
loosing the serene Pacific Ocean. Competi- 
tion was for the Willis F. Manges Trophy 
ane the Exhibitors’ Trophy. The local Golf 
Committee, under the Chairmanship of Dr. 
Welter W. Herbert, had made excellent 
arrangements which were greatly appreci- 
ated by the participants. The Tournament 
was followed by cocktails and the Annual 
Gof Dinner at the same Club. 

Qn Monday afternoon the Ladies en- 
joyed a comprehensive tour of the city, 
incuding the Japanese Tea Garden in 
Golden Gate Park. This tour was concluded 
wita the traditional Golf Widows’ dinner, 


ee which was held at a restaurant in historical 


Gherardelli Square, purchased by Ghirar- 
deli, a young chocolate maker from Italy, 
in 1893, and redeveloped recently into a 
magnificent center of shops and restau- 
rants. On this beautiful evening San Fran- 
cisco was all rubies and diamonds, strewn 
across velvety hills, and the return to the 
hotel in roller coaster cable cars—ofhcially 
declared an historic monument of San 
Francisco-—-was enchanting in its magical 
faseination, 

Tuesday morning was reserved for 
a Conducted Behind-the-Scene Walking 
Torr of Union Square Shops, comprising 
San Francisco’s most distinctive merchan- 
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dise centers, several of which are local 
landmarks. 

On Wednesday, a bus trip was arranged 
into the world-famous Redwood Country. 
Crossing north on the Golden Gate Bridge 
to Marin County, the trip continued to 
Muir Woods, where a long stop allowed 
leisurely strolls through this 424 acre na- 
tional monument, among the fabled Cali- 
fornia Redwoods in all stages of develop- 
ment. The Ladies then returned to 
Sausalito for lunch and in the afternoon 
visited the shops on the Sausalito water- 
front. 

Thursday morning was spent by visiting 
Chinatown, the largest Chinese settlement 
outside of Asia, and its many priceless 
treasures. The Ladies’ tour ended at noon. 

The Society is greatly indebted to Mrs. 
Thomas M. Fullenlove and her Committee 
for arranging this unusual Program and 
extencs its sincerest thanks. 

To the San Francisco Convention Bu- 
reau, and to the Management and Staff of 
the San Francisco-Hilton Hotel, the Soci- 
ety expresses its appreciation for the efh- 
cient registration, the excellent service and 
the many courtesies gracefully rendered 
throughout the meeting. 

To Dr. Thomas M. Fullenlove, Chairman 
of the Committee on Local Arrangements, 
the Society owes special thanks for the 
suave way in which he, aided by the able 
members of his Committee, carried out 
every detail of the local arrangements. 

The Sixty-seventh Annual Meeting held 
at San Francisco was generally acclaimed 
as the grandest in the history of the Ameri- 
can Roentgen Ray Society. It had by far 
the largest attendance, its accommodations 
were superb, the Scientific Programs were 
conducted in a most congenial atmosphere, 
the Scientific and Technical Exhibits were 
unrivalled and the Social Activities were 
unparallelled. President Stevenson may 
take justifiable pride, for this was a con- 
vention that nobody who attended can 
forget. His radiant personality dominated 
with “‘auriferous” brightness the entire 
convention, 

Tratan Leveuria, M.D. 
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DOUGLAS A, QUICK 
1891-1966 


LIFE of service to the cancer patient 

came to an end in Utica, New York, 
on January 30, 1966 when Dr. Douglas A. 
Quick passed to his reward. 

Dr. Quick was born on November 10, 
1891,0n a farm one and one-half miles south 
of Harrow, Ontario, the son of Mr. and 
Mrs. Frederick Quick and of one of Essex 


County’s pioneer families. His primary and 
secondary education was obtained in Har- 
row schools. He graduated from the Uni- 
versity of Toronto in 1914 with the degree 
of Bachelor of Medicine. After a locum 
tenens during the summer of 1914 he 
elected to move to New York for post- 
graduate training and to ultimately engage 
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in the practice of Surgery and Therapeutic 
Raeiology. His initial appointment was at 
the City Hospital in New York in 1914. In 
191%, he became an assistant to Dr. Henry 
Harrington Janeway, one of the leading 
radium therapists of his time. When Dr. 
Janeway died in 1921, Dr. Quick became 
an attending surgeon at Memorial Hospi- 
tal, a post he held until 1932. 
Yorking closely with the late Dr. Gioac- 
chiao Failla and with Dr. Edith Quimby, 
he developed techniques for the use of the 8 
component of radium emanation (radon), 
first of all in the form of glass pearls for the 
irradiation of superficial basal cell carcino- 
mata. Operating behind a shield which 
proved inadequate to filter out all of the 
gamma component of this form of radiant 
energy, and in darkened rooms, the treat- 
ment was given visually in contact fashion 
in “‘minutes” or “seconds” of exposure. 
Un/ortunately, the hazards to the therapist 
were evidenced i in later vears when damage 
to the skin and bone of fingers resulted in 
the loss of some of these digits and seriously 
curtailed a busy surgical practice. Later, 
when Failla developed gold capillaries and 
radon seeds, the gamma component of 
radon came into its own particular field of 
usefulness as a source of interstitial irradia- 
tion, under the guidance of Quick and 
others 

Having worked with the 4 gram radium 
unit at Memorial Hospital, Dr. Quick had 
become convinced of the superiority of 





mN MA irradiation over conventional orth- 


ovoltage techniques, particularly in the 
treatment of tumors of the head and neck. 
Therefore, when an opportunity was pre- 
semted to Dr. Quick about the year 1947 to 
assist in the development of a $0 gram 
radium teletherapy unit, he became fasci- 
nated with the prospect and d levoted much 
of his energy and resources to it. The funda- 
mental design of the unit was worked out 
by Dr. Failla and took the form of a multi- 
ple source housing, each containing 2 grams 
of radium. The beam collimation was so 
arranged that each of the beams converged 
at a focal point, the theoretic tumor level, 
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and were dissipated in turn according to 
geometric principles. The unit was housed 
in the Janeway Clinic of the Roosevelt 
Hospital. The treatment of patients began 
in 1gs1 and proceeded cay and night 
arounc the clock.* Perhaps before the 
results of such treatment could be estab- 
lished, Kilocurie Cobalt 60 Teletherapy 
Units were developed in Canada and put in 
operation almost synchronously in Saska- 
toon, Saskatchewan and London, n 
with source strengths ranging to 1,3 
curies and emitting pure gamma a 
at a fraction of the cost of radium. There 
can be no doubt, however, that Dr. Quick’s 
project was contemporary and perhaps in 
advance of his time in light of the develop- 
ments of succeeding years. The principles 
involved have been amplified by world wide 
experience with teletherapy and super- 
voltage systems. 

Dr. Quick was active in many profes- 
sional societies. He joined the American 
Radium Society as a member in 1919, three 
vears after it was founded, became its 
President in 1926 at Dallas, Texas, and The 
Janew ay Lecturer in 1937 on the subject, 

“Carcinoma of the Larynx,” in New York 
City. He was a Trustee of the American 
Board of Radiology from 1939 to 1960 and 
its President in 1952. He joined the Radio- 
logical Society of North America in 1920, 
was its Carman Lecturer and Gold Medal- 
list in 1947. He later became an Emeritus 
Member of the Radiological Society of 
North America and was also elected a Life 
Member of the American Roentgen Ray 

Dun ng the years, the writer had come to 
know Dr. Quick by virtue of association 
with Dr. N. A. McCormick of Windsor, 
who had worked with Dr. Quick in his 
private office in New York City. Some of 
the great respect that we hold for him in 
Essex County was derived naturally from 
this association. On occasion, we shared a 
social evening at one of the society meet- 
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* Quick, D., and Ricumonp, J. D. Preliminary experiences 
with a se gram converging beam radium unit, Am. J. Roenv- 
GENOL., Eapium THERAPY & Nuciear MED., 1955, 74, 635-649. 
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THE SCIENTIFIC EXHIBITS 


SHE SCIENTIFIC EXHIBITS of the 
A Sixty-seventh Annual Meeting of the 
American Roentgen Ray Society, held at 
the San Francisco-Hilton Hotel, San Fran- 
cisco, California, September 27-30, 1966 
were assembled by Dr. Joseph O. Reed, 
husiastic Chairman and his untiring 
amittee on Scientific Exhibits. They 
were the largest and most successful in the 
Socety’s history, depicting visually sub- 
jects of unusual variety, several of which 
complemented the scientific essays on the 
same subject presented at the Scientific 
Sessions. 

The Exhibits were set up in the South- 
West and North Corridors of the Conven- 
tton Floor, in the immediate vicinity of the 
room of the Scientific Assembly and of the 
Main Hall, housing the Technical Exhrbits. 
This was a fortunate arrangement, permit- 
ting members and their guests to visit them 
freeuently and to study them at leisure. 
The exhibits were of great documentative 
value and were displayed in a most attrac- 
tive fashion, 

The secret “Blue Ribbon” Committee on 
Awards-—to use President Stevenson’s ac- 
colade—after repeated deliberations and a 
most thoughtful consideration awarded one 
Silver Medal, one Bronze Medal and nine 
Certificates of Merit. 

Following are brief descriptions of the 
exh bits: 








SILVER MEDAL 


Clinical Interpretation of the Lung Scan. 
Phrip M. Johnson, M.D., Kent Ellis, 
M.D., Bruce R. Parker, M.D., and Stuart 
W. Coseriff, M.D., Columbia University 
College of Physicians and Surgeons, New 
York, New York. 

This beautifully displayed exhibit pre- 
sented the rationale, safety, clinical appli- 
cations and diagnostic pitfalls of the pul- 
monary perfusion scanning (lung scan), 
based on more than 400 patient examina- 
tions. 

‘he following technique of scanning was 
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usually employed by the exhibitors: 


r. Block the thyroid with Lugol’s solution, 
10 drops t.d. for 4 days beginning 24 hours 
before scanning. For emergency scanning, give 
100 mg. Nal intravenously followed by Lugol’s 
solution for 3 days. 

2. With the patient supine administer 300 uc 
of a recently re-suspended solution of [’'MAA 
or 1-2 me of Te?®™MAA, The injection is made 
slowly while the patient breathes deeply in and 
out. 

3. Find “hot spot” and begin scanning im- 
mediately. With high speed equipment scanning 
in one view requires 10-12 minutes and scan- 
ning in two views is performed whenever pos- 
sible. 

4. Obtain companion roentgenogram with 
the patent supine, at the end of shallow expira- 
tion at maximum target film distance. 

5. The scanning may be repeated in 24 hours 
if necessary. 





The P!MAA was prepared according to 
a mod#hcation of the Taplin method. This 
modifieation was described in detail. 

Seleeted clinical examples illustrated the 
unique value of the lung scan in detection 
and management of pulmonary thrombo- 
embolic disease and its role in the evalua- 
tion of patients with emphysema, neo- 
plasia, congenital heart disease, pericardial 
effusion, subphrenic abscess and other 
diseases. 

Conditions in which the clinical utility of 
the lumg scan is impaired, such as conges- 
tive heart failure, mitral stenosis, etc., were 
also illustrated. 


Bronze MEDAL 


The Topography of Carcinoma of the 
Paranasal Sinuses: Diagnostic and Thera- 
peutic Implications. Max L. M. Boone, 
MLD., Thomas S. Harle, M.D., Howard W. 
Highoit, M.D., and Gilbert H. Fletcher, 
M.D., The University of Texas, M. D. 
Anderson Hospital and Tumor Institute, 
Texas Medical Center, Houston, Texas. 

Because of the complex bone anatomy of 
the paranasal sinuses, evaluation of the 


= 


/ 


988 


extent of carcinomatous involvement. is 
almost entirely dependent on detailed 
roentgenographic studies. Three-dimen- 
sional visualization of the anatomy of the 
disease, though difficult, is a necessary 
prologue to intelli igent ther apy. 

Typical cases were presented to demon- 
strate the probable locations of primary 
growth and routes of spread for a full spec- 
trum of involvement, from the earliest to 
the most advanced. The roentgenograms 
were supplemented with line drawings and 
three-dimensional models to illustrate the 
significant findings. 

The details of appropriate treatment 
plans, including isodose distributions, were 
given along with the results and complica- 
tions of radiotherapy. 


CERTIF ICATES OF MERIT 


Pediatric Case of the Day. D. H. Alt- 
man, M.D., B. E. Bear, M.D., and R. E. 
Litt, M.D., Variety Children’s Hospital 
and University of Miami, School of Medi- 
cine, Miami, Florida. 

A ditterent Pediatric Case was presented 
each day. On the basis of history and the 
pertinent roentgenograms exhibited only a 
single diagnosis was accepted. 

The answers were given the following 
day with a discussion and demonstration in 
color of the pathology. 

This exhibit, like the Case of the Day of 
Dr. Fullenlove, created an unusually great 
meae i 

Population Expo sure to X-rays: U. S. 
Public Health Service X-ray Exposure Study. 
Donald R. Chadwick, M.D., U. S. Public 
Health Service, Dogi af Radiological 
Health, Washington, D. C. 

This exhibit was based on a Public 
Health Service study designed to provide 
information on the x-ray experience of the 
U. S. population. 

The principal findings included estimates 
of the frequency and rate of persons exam- 
med and treated by x-ray S, the number of 

various types of examinations and proce- 
dures, the volume of films related to radio- 
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graphic, fluoroscopic, and dental examina- 
tions, and indices of exposure associated 
= the several types of x-ray procedures. 

Asbestosis and Malignancy y. Nicholas 
EA o M.D., and Howard Adler, M.D., 
The Somer set Hospital, Somerville, New 
Jersey. 

The relationship between asbestosis and 
various neoplasms has been well docu- 
mented in recent years. 

The increased incidence of bronchogenic 
carcinoma, pleural mesothelioma, and peri- 
toneal mesothelioma with concomitant 
asbestosis was illustrated. Proximity to a 
large asbestos manufacturing plant offered 
the unique opportunity to trace the sequen- 
tial development of these varied tumors as 
observed clinically, roentgenographically, 
and pathologically. The basic roentgeno- 
graphic changes were emphasized in cases 
of transition seen in asbestosis with super- 
imposed malignancy. Gross and micro- 
scopic correlation of these tumors included 
isolation of asbestos bodies in neoplastic 
tissue. 

The industrial and possible urban hazard 
of asbestos was discussed. 

The authors also presented a scientific 
essay on the same subject. 

4. Case of the Day. Tom M. Fullenlove, 
M.D., Saint Francis Memorial Hospital, 
San Francisco, California. 

Cases which represent interesting and 
intriguing problems were exhibited daily. 
The answers were posted on the following 
day. 

This year’s cases of the day because of 
their unequalled excellence continuously 
attracted a very large number of radiol- 
ogists, 

§. Paleo-Pathology—-Pre-Columbian United 
States. Kadtologic Interpretation of Diseases 
in Prehistoric Man. Ronald R. Hagge, 


M.D., F.A.C.S., and Richard Wilkinson, 


B.A., M.A., Harper Hospital, Detroit, 
Michigan and University of Michigan, 
Anthropology Department, Ann Arbor, 


Michigan, 
This extremely interesting exhibit pre- 
sented numerous roentgenographic studies 
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of bone exemplifying the great value of this 
modality in determining diseased tissues, or 
the end result of disease processes, in the 
Pre-Columbian man, in the United States. 

The following is the classification of the 
desease processes considered: Trauma: pri- 
mary—accidental, fractures being the most 
common entity; secondary—-induced, as for 
instance, head molding and trephination. 


Infection: non-specific--ostomyelitis, sin- 
usitis, periostitis; specific——tuberculosis, 


syphilis, leprosy (no finally positive evi- 
dence has been found that these diseases 
existed Pre-Columbian, but more support 
is apparent). Arthritis: degenerative (osteo- 
arthritis), frequently being confused with 
the end results of trauma; rheumatoid. 
Tumor: malignant (as studies increase, 
more evidence is being found)—primary, 
metastatic; benign. Congenital Anomaly: 
there was much anomalous change in the 
past as is in the present, per haps, on the 
basis of close intermarriage of the hunting 
and gathering groups. Deficiency Disease: 
there is minimal evidence of this, perhaps, 
on the basis of an “eating off the earth” 
program. Endocrine Disease. Miscellaneous: 
calculi, fetal parts, unusual burial practices, 
mutilation, preservation of tissues other 
than bone, mummification (probably acci- 
dental an only in S.W.ULS.), Cu preserva- 
tion (noted in 2,000 year old burials). 
Dental Pathology: the entire gamut of pa- 
tholegy of dental structures exists. 

Pulmonary and Pleural Lestons in 
Rheumatoid Arthritis. \William Martel, 
MLD., Murray R. Abell, M.D., Wiliam M. 
Mikkelsen, M.D., and Walter M. White- 
house, M.D., University of Michigan Medi- 
cal Center, Ann Arbor, Michigan. 

The spectrum of pulmonary lesions in 
rheumatoid arthritis, based on observations 
in 3§ patients was pr eind. in this exhibit. 

Discrete rheumatoid nodules, occasron- 
ally observed to cavitate, were seen in 12 
cases and in 7 of these, their histologic 
nature was verified. Two patients devel- 
oped spontaneous pneumothorax. These 
nodules may develop prior to arthritis and 
without an occupational exposure to pneu- 
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moconiosis. Three patients showed a tran- 
sition from discrete nodules to diffuse inter- 
stitial pneumonitis, pulmonary fibrosis and 
persistent pleural effusion. Biopsy or au- 
topsy material was available in g such 
cases. Bronchogenic carcinoma developed 
in 2 patients with pulmonary fibrosis. 

7. The American Institute of Radiology 
(47R). Robert T. Morrison, American 
College of Radiology Foundation, Chicago, 
Hinos. 

This exhibit gave the 1966 Interim 
Report of the AIR collections, and the 
inventory of them which now comprises 
2,400 items and is categorized as follows. 


Museum: Accessories, 60; equipment, 40; 
tubes, 100; miscellaneous, 50. Library: 


Chairs, roentgen, 2; books, 400; catalogues, 


60; journals, bound, 150 vol.; journals, 
unbound, 200; directories, 20; teaching 


pamphlets, 150; programs, 
165; reports, 250; reprints, 75; scrapbooks, 
15. .drchives: Charts, to; cine films, 16: 
society histories, 20; photographs, 250; 
radiographs, 75; tape recordings, 4; docu- 
ments, 350 folders (40,000 pages). 

The exhibitor again stressed the need for 
continued support and interest of the 
radiclogical community. 

8. Decrease in Lymph Node Size Follow- 
ing Lymphangtography. Richard J. Steckel, 
M.D., Radiation Branch, National Cane: 
Institute, Bethesda, Maryland. 

Opacified lymph nodes appear to de- 
crease in size roentgenographically over the 
months following lymphangiography. 

Although treated pathologic Ivymph 
nodes often regress markedly on postlym- 
phangiography roentgenograms, moderate 
decreases in lymph node size occur even in 
patients who have received no treatment. 
This fact is not always appreciated, and 
responses to therapy may be inferred from 
moderate changes in lymph node size when 
these changes are actually an artefact of 
lymphangiography. 

The mechanism is probably that lymph 
nodes enlarge when ethiodol is injected 
and return to their pre-lymphangiographic 
size as the contrast medium is slowly 
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eluted. Clinical material and experimental 
studies on dogs illustrated these points. 

9. Vascular Changes in Pulmonary Em- 
physema. A. Franklin Turner, M.D., 
George Jacobson, M.D., and Edward A. 
Behnke, M.D., University of Southern 
California School of Medicine and Los 
Angeles County General Hospital, Los 
Angeles, California. 

This exhibit described the vascular 
changes associated with chronic obstructive 
pulmonary disease (emphysema) demon- 
strated by various roentgenologic tech- 
niques including plain roentgenography, 
tomography, selective pulmonary angiogra- 
phy, single film and cone wedge arteriog- 
raphy. 

Six cases were presented in detail ilus- 
trating the range of changes which may be 
encountered. These are: differential blood 
flow; dilatation of the main pulmonary 
artery and its major branches with in- 
creased attenuation of the larger peripheral 
arteries; reduction in the number of smaller 
peripheral arteries, arterioles and veins; 
obliteration of the capillary bed; and arteri- 
ovenous shunts. The extent of involvement 
may vary greatly from one segment of lung 
to another with one area being normal and 
the other markedly abnormal. 

The plain roentgenograms of the chest in 
patients with emphysema may be normal. 
Hyperinflation and air-trapping are non- 
specific findings and may be entirely ab- 
sent. Reduction in the peripheral pulmo- 
nary vessels, the most reliable evidence of 
emphysema, may not be detectable on the 
chest roentgenogram even though ad- 
vanced vascular changes are present. 

Selective pulmonary and peripheral pul- 
monary wedge angiography provide the 
only roentgenologic means of assessing, 
with a reasonable degree of accuracy, the 
vascular damage in patients with em- 
physema. Knowledge of the extent of 
permanent vascular damage is of great Im- 
portance in determining the prognosis 
which can be offered the patient and the 
improvement which may be expected from 
therapeutic measures. 
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OTHER ExcELLENT Exuipirs WERE: 
Complete Diagnostic Evaluation of the In- 

fani C r Under Fifteen EUN: od; 

Arnoki I. Siege. M.D., ‘and Rank a 

Borrelli, M.D. , Departments of Radiology 

and Patani. New York Medical College 

—Flower and Fifth Avenue Hospitals, 

New York, New York. 

This exhibit presented an opportunity 
for cemparing formalin-fixed hearts with 
the patient’s clinical findings, chest roent- 
genograms, hemodynamic data, and angio- 
cardiegrams. 

Representative examples of widely vari- 
able anatomic complexes were drawn from 
a series of 125 patients. 

The indications for complete cardiac 
workap and the low rate of complications 
were stressed. The exhibitors’ present 
techmque of using sodium diatrizoate so 
per cent for angiocardiography in infants 
was described. 

Pancreatic = nning. Rodriguez-An- 
tunez, M.D., J. N M.D., S. O. 
Hoerr, M.D. a E Hermann, M. D. C. H. 
oo M. D., B. H. Su lan Jr., M. D., 

J: Ovens M. D., and E. I. Wakeman 
a D. Cleveland Clinic Foundation, Cleve- 
land, Ohio. 

The exhibit consisted of 4 panels pre- 
sentiag: (1) a brief clear explanation of the 
principles of pancreatic scanning; (2) three 





normal pancreatic scans illustrating the 
methods of interpretation and means of 


recognizing important landmarks on the 
scans; (3) six abnormal pancreatic scans, 
all surgically verified, where recognition of 
tumer is obvious; and (4) a statistical re- 
port of the exhibitors’ experience in over 
160 patients who underwent pancreatic 
scanning, 

Diagnosis and Operative Treatment of 
Aorte-Iliac Occlusive Disease. Howard C. 
Baron, M.D., Department of Surgery, 
Jewish Memorial Hospital, New York, 
New York. 

The exhibit illustrated steps in diagnosis 
and «perative treatment of atherosclerotic 
vascular disease of the terminal aorta and 
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iliac arteries. The operative technique of 

endarterectomy of the aortoiliac segment 

with aortograms illustrating the arterial 
pathology was shown. 

A brief review of the indications for 
operation with summary of results ob- 
tained was included. 

The Newborn Pelvis: Normal ana Ab- 
normal Patterns. N. Ray Baumgartner, 
M.D., University of Cincinnati Medical 
Center, Cincinnati, Ohio. 

The roentgenographic appearance of the 
newborn pelvis does not resemble closely 
its anatomic counterpart. The margins of 
the pelvis are composed of cartilage, 
possessing a radiodensity similar to that of 
the surrounding soft tissues. The true out- 
line of the pelvis is therefore obscure, since 
only the ossified portions are visualized on 
the roentgenogram. 

Photographs and roentgenograms of the 
dissected newborn pelvis were used to 
illustrate the cartilaginous component and 
were compared with antemortem roent- 
genograms. 

Serial roentgenograms from birth to 10 
years of age demonstrated the growth and 
ossification of the pelvis. 

The diagnostic features of the pelvis 
found in mongolism, achondroplasia, and 
congenital dislocation of the hip were de- 
scribed and illustrated. 

Conventional Tomography of the Lungs in 
Bronchogenic Carcinoma: An Approi i to 
Diagnosis and Prognosis and Correlation 
with Bronchoscopy. Irwin Bluth, M.D., and 
Bruce Steger, M.D., The Brookdale Hos- 
pital Center, Brooklyn, New York. 

Tomography of the lungs with cancer 
offers 4 advantages over conventional 
roentgenography. (1) The lesion in the 
lung can be better studied for circumserip- 
tion, calcification and cavitation, (2) In- 
volvement of the air-outlined bronchi is 
more apparent. (3) Distortions of the vas- 
cular pattern associated with peripheral 
cancers are more readily shown. (4) Fin- 
ally ys invasion of the mediastinum is more 
easily appreciated. 

Conventional roentgenograms with cor- 
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responcing tomograms were presented to 
demonstrate these 4 points. 

A New Approach to Colon Preparation for 
X-Ray Examination. Garland R. Brown, 
M.D., University of Michigan Medical 
Center, Ann Arbor, Michigan. 

A new approach to cleansing the colon 
for roentgenologic examination of the colon 
or other abdominal structures was de- 
scribed utilizing a combination of special 


diet, magnesium citrate and bisacodyl. 
Analvsis of a large controlled study 


showed excellent results and high patient 
acceptance. 

Procedure details, statistical data and 
typical roentgenograms were presented. 

Fenozraphy in the Sub fertile Male with 
Varicocele. Jordan S. Brown, M.D., Law- 
rence Dubin, M.D., Melvin H. Becker, 
M.D., and Robert s Hotchkiss, M.D., 
Departments of Urology and Radiology, 
New York University School of Medicine, 
New York, New York. 

This exhibit displayed an original tech- 
nique for performing internal spermatic 
venography, which has been done on 32 sub- 
fertile men with varicoceles. 

The venous anatomy of the testicle was 
shown; the possible etiology of varicocele 
was illustrated; and the relationship of 
varicocele to subfertility was discussed. 

The Newborn Skull. Charles N. Chasler, 
B.S, M.D., University of Pittsburgh 
Medical Cente, Pittsburgh, Pennsylvania. 

Appr es imiately 2,000 roentgenographic 
examinztions of the newborn skull were re- 
viewed at the Magee-Women’s Hospital 
and Children’s Hospital in Pittsburgh, 
Pennsylvania from 1962 to 1965. 


Unusual congenital anomalies of the 
bones of the skull were carefully studied 


and the most illustrative cases were selected 
for demonstration. The subject of trauma 
to the newborn skull was also intensively 
reviewed. Each case was closely scrutin- 
ized from the standpoint of a complete his- 
tory, both from the obstetrical and pedia- 
tric viewpoints. 

Definite conclusions could be obtained 
from these studies in reference to particu- 


992 


lar radiolucent lines that could be inter- 
preted as fractures. It was also decided that 
at times a definite roentgen diagnosis could 
not be made. The importance of a very 
thorough history and physical examination 
was definitely ascertained. 

The exhibitor also had a scientific essav 
on the same subject. 

The Arterial Collateral Network in the 
Pelvis: An Arteriographic Study. 

Arnold Chiat, M.D., Arnold Moltz, 
M.D., and James H. Nelson, M.D., Kings 
County Hospital Center, Downstate Medi- 
cal Center, S.U.N. Y., Brooklyn, New York. 

Spontaneous pelvis arterial anastomoses 
occur following occlusion of pelvic arteries 
by disease processes. 

The exhibitors demonstrated by means 
of percutaneous transfemoral arteriogra- 
phy: (1) that these anastomoses occur 
following ligation of normal arteries; (2) 
‘that in the normal, anastomoses occur as 
an immediate sequel to ligation; (3) that in 
the light of this it is virtually impossible 
to devascularize a vascular lesion in this 
region; and (4) that occlusion of major 
vessels during the course of catheterization 
may pass unnoticed and perfusion remain 
adequate. 

The exhibit contained 7 illustrative 
cases and a description of the pertinent 
arterial anatomy. 

The Renogram—Dtagnostic and Prognos- 
tic Features Based on Proved Cases. Max D. 
Clark, M.D., Lucille A. DuSault, A.B., 
Eugene J. Kochkodan, M.D., and William 
R. Eyler, M.D., Henry Ford Hospital, 
Detroit, Michigan. 

Analysis of renograms from patients 
with proved diagnoses of nephrosclerosis, 
nephritis, and renal artery disease, indi- 
cates features essential in diagnosis and 
prognosis for surgical relief. 

The importance of an exacting technique 
was stressed. 

Mammography in Clinical Practice. 
James T. DeLuca, M.D., and John H. 
Wentworth, M.D., The Community Hos- 
pital at Glen Cove, Glen Cove, New York. 

The exhibit delineated the x-ray findings 
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and diagnosis in association with the clini- 
cal indications responsible for the examina- 
tion, 

From §,000 problematic patients ex- 
amined by mammography, a summary of 
the first 175 cancers encountered disclosed 
occult cancers of the breast at the rate of 3 
per 1,000 problematic patients. The 37 per 
cent axillary involvement was below the 
national average reported by other groups 
and is most encouraging. Many other bene- 
hts derived through the application of 
mammography in the diagnostic armamen- 
tarium of the radiologist were summarized. 

Magnification Lymphography. Theodore. 
Ditchek, M.D., and Gerard T. Scanlon, 
MLD., Yale University School of Medicine, 
New Haven, Connecticut. 

In an attempt to increase the accuracy of 
diagnostic Iymphographyv, magnification 
of the lymph nodes and channels opacified 
by ethiodol was performed. 

A specially designed and constructed 
roentgen-ray tube was utilized to obtain 
very sharp images at 3 times linear (9 times 
area) magnification. 

The normal and involved lymph nodes 
in individuals with a wide spectrum of neo- 
plastic and inflammatory diseases were 
studied. The magnification studies fre- 
quently showed the lymph nodes to be 
normal or abnormal when the diagnosis 
was unclear on conventional lymphangio- 
grams. The features of the normal lymph 
node architecture were better delineated. 

Subclinical pulmonary oil microemboli 
were demonstrated in a large number of 
patients. 

Angiographic and Hemodynamic Studies 
in Pulmonary Embolism. Josef Edelstein, 
MLD., Stephen N. Wiener, M.D., and 
Bernard L. Charms, M.D., Mt. Sinai Hos- 
pital, Cleveland, Ohio. 

The value of pulmonary angiography 
and hemodynamic data following right 
heart catheterization, as important and 
complementary diagnostic studies, was 
shown by the results obtained in 68 pa- 
tients referred with a tentative diagnosis 
of pulmonary embolism. 
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The angiographic involvement of larger 
and smaller arteries was exhibited. 

The response of the pulmonary artery 
pressure to unilateral pulmonary artery 
balloon occlusion was studied in 19 of 
these patients. An attempt was made to 
correlate the response to the extent and 
nature of embolic involvement. 

Mammography and Breast Cancer. Robert 
Li ean, M. D., R. Waldo Powell, M.D., 
and James V. Ravers: M.D., Emory Uni- 
versity School of Medicine, Atlant ta, Geor- 
gia. 





The problem of breast cancer was pre- 
sented, emphasizing: occurrence, spread 


and salvage rate; indication for mammog- 
raphy; and importance of physician team 
approach. 

Practical exercises in clinical examina- 
tion, mammography and study of gross and 
microscopic pathology in breast diseases 
were included. 

zo MM. Filming. (A) Evaluation af Some 
Physical Factors Affecting Quality. (B) 
Examples of Routine and Special Usage. 
Richard A. Elmer, M.D., Crawford W. 


Long Memorial Hospital of Emory Uni- 
versity, Atlanta, Georgia. 
Some of the physical factors afecting 


quality were evaluated. These com prised: 
(1) several types of films, all with identical 
processing; (2) results of several methods 
of processing, including several standard 
automatic processors; (3) resolution of a 
lined phantom and comparable (of the 
same patient) with an 0.3 mm. focal spot, 
1.2 mm. focal spot, and conventional spot 
roentgenograms; (4) geometric magnifica- 
tion and lens magnification utilizing over- 
framing with 300 mm. lens as compared 
with 70 mm. films exposed with a standard 
lens (210 mm.). 

Examples of clinical application included: 
(1) usage in routine fluoroscopic examina- 
tions; and (2) usage in unusual situations 
to illustrate some of the potential ef this 
modality. 

Factors in the Selection of a Cantrast 
Medium for Angiography. Harry W. bixher, 
M.D., Dale E. Fuller, M.D., and Steven 
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H. Cornell, M.D., University of Towa 
Hospitals, lowa City, Iowa. 

lodine content, viscosity and toxicity 
are all highly important in the rational 
selection of an angiographic contrast me- 
dium. 

The httle appreciated and poorly under- 
stood characteristics of the commonly 
used contrast media were presented in 
graphic form. No agent currently in use is 
perfect, but the angiographer who knows 
the opacification which is desired can make 
a rational decision on the choice of a con- 
trast medium without sacrificing safety. 

A e ative Evaluation of Mammogra- 
Teaching Hospitals, Adele 
MLD., Sue I. Askovitz, 
Simon M. Ber ger, M.D., Gerald D. 
M. D., Mary Tr M.D., Marc 
S. Lapaowlen MLD., Jeffery P. Moore, 
- D., Donald E. Parlee, M.D., Goerge N. 

ein, M.D., and Eugene P. Pendergrass, 
MD. University of Pennsylvania, Phil- 
adelphia, Pennsylvania. 

This exhibit summarized the results of a 
cooperative study of 2,000 consecutive 
mammograms. 

Before mammography the clinical diag- 
nosis of each breast was recorded; 776 
breasts were biopsied. 

The roentgenographic diagnostic ac- 
curacy (true positive rate) ‘clinically 
obvious carcinoma” was 81 per cent but in 
patients with “dominant masses not ob- 
viously carcinoma” the true positive rate 
was so per cent. Histologically the vield of 
malignancy in patients with no dominant 
mass was 12/1,000 of which 6/1,000 were 
correctly diagnosed roentgenographically. 

Mammoer ams illustrating typical mam- 
mographic problems were displayed. An 
evaluation of the usefulness of mammog- 
raphy in the clinical management of 
breast problems was presented. 

Ultrasonic SUES Barry B. Gold- 
berg, M.D., Bernard J. Ostrum, M.D., and 
Harold J. Ta M.D., Albert Einstein 
Medical Center, Philade lelphia, Pennsyl- 
vania. 

Ultrasonic angiography is a safe rapid 
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technique whereby the abdominal aorta 
can be outlined and its lumen diameter, 
wall thickness and over-all size accurately 
measured. In addition, it can detect sites 
of occlusion. The procedure is painless and 
inexpensive and, if necessary, can be per- 
formed at the bedside. 

No other single technique offers these 
advantages. It can be used to determine 
the precise location of an aneurysm and to 
differentiate it from a solid or cystic mass. 
Elderly individuals suspected of harboring 
aneurysms can be readily screened and 
those patients with aortic dilatation can be 
closely observed by serial studies. 

The exhibit amply demonstrated these 
advantages. 

Pseudo Suprasellar Tumors, Wm. Hana- 
fee, M.D., L. Bilodeau, M.D., J. Alberti, 
M.D., and G. Wilson, M.D., University 
of California Medical Center, Los Angeles, 
California. 

Spurious shadows such as fluid collections 
or the rectus gyrus of the frontal lobe may 
closely simulate tumors in the suprasellar 
region, 

Tomography in the translateral and erect 
positions will eliminate the confusing sha- 
dows and allow a much more accurate de- 
lineation of the anatomy of the suprasellar 
region, 

The exhibitors presented a scientific 
essay on the same subject. 

The Crescent Pattern of Increased Radio- 
activity in Brain Scanning, Wiliam J. 
Heiser, M.D., James L. Quinn, IIT, M.D., 
and William V. Mollihan, M.D., Chicago 
Wesley Memorial Hospital, Chicago, I- 
linois. 

The crescent pattern of increased radio- 
isotope activity seen in the anterior or 
posterior projection of brain scanning was 
thought to be specific for subdural hema- 
toma, As experience in brain scanning has 
increased, the exhibitors found this pattern 
to be present in a variety of pathophysio- 
logic states. 

Total integration of the patient’s signs 
and symptoms along with the results of 
other ancillary laboratory tests permits 
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the interpreter to approach the specific 
diagnosis of this scan pattern more intelli- 
gently. Not infrequently one must still 
rely upon cerebral arteriography or cranio- 
tomy for more definitive diagnosis. 

Illustrations of this scan pattern in pa- 
tients with subdural hematoma, granulo- 
matous pachymeningitis, scalp trauma, 
craniotomy defect, cerebral vascular ac- 
cident, and metastatic carcinoma were 
included. 

New Concepts of Cerebral Angiography 
with Special Emphasis on New Techniques 
of Catheterization in the Geriatric Patient. 
Sadek Kk. Hilal, M.D., Ph.D., Ernest H. 
Wood, M.D., and Bernard L. Grossman, 
M.D., Columbia-Presbyterian Medical 
Center, New York, New York. 

In view of the known risk involved in the 
angiographic study of the patient suffering 
from cerebrovascular disease the exhibitors 
have developed a technique of aortic 
catheterization which 1s believed to be best 
suited for the examination of the geriatric 
patient suffering from cerebrovascular dis- 
ease. A critical appraisal of the roentgeno- 
graphic quality of the films obtained was 
presented with special attention to the 
visualization of the intracranial collateral 
circulation, 

[sopaque 440 was the contrast medium 
injected. Its advantages and the optimum 
conditions of its use were studied in animals 
and in the clinical material presented. The 
results indicate that the concept of the 
“contact time’ of the contrast material 
with the vessel wall is particularly impor- 
tant when this new contrast agent is ad- 
ministered. This finding resulted in the 
modification of the automatic injector used. 

Further improvements on the aortic 
catheterization technique include a new 
design of an arterial puncture needle, a new 
guide ware, and a new modification of the 
rapid film changers and tube stands which 
makes possible the biplane visualization 
of all the cerebrovascular system from the 
aorta upwards with one injection made in 
the aortic arch, thus reducing the quantity 
of opaque medium administered and the 
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length of the procedure, both of which 
are factors affecting the rate of complica- 
tion. 

Total Arteriography--d Fundamental 
Concept. W. J. Howland, M.D., W. M. 
Burns, M.D., and J. L. Curry, M. D. , Ohio 
Valley General Hospital, Wheeling: West 
Virginia. 

This exhibit stressed the importance of 
opacifying arteries from their aortic origin 
to their termination in most angiographic 
studies. Emphasis was placed on prelimi- 
nary aortography and retrogr ade arter log- 
raphy in order to provide a “road map’ 
prior to selective or subselective arteriog- 
raphy. 

Clinical applications were shown which 
point up the need for this simple, safe and 
eficient basic approach. 

Illustrative examples included cerebral, 


mesenteric, renal, extremity and other 
angiographic studies. 
Selective Coronary Arteriography. Melvin 


Judkins, M.D., University of Oregon 
Medical School, Portland, Oregon. 

This exhibit described the technique of 
selective coronary arteriography performed 
by the transcutaneous femoral approach, 
using a re-shaped Cordis catheter. 

The method was successfully employed 
in 85 cases. One of its main advantages Is 
that the patient can be turned with the 
catheter 77 situ for filming in various pro- 
je ections. 

Typical left and right arteriograms were 
presented. 


Selective Angiography of the Adrenal 


Gland, Paul C. Kahn, M.D., Carl E. 
Cassidy, M.D., and Leti V. Nrkrosz, 


NLD., Tufts-New England Medical Center 
and Veterans Administration Hospital, 
Boston, Massachusetts. 

Complete selective angiographic visual- 
ization of the adrenal glands is now possible, 
by a method combining selective inferior 
phrenic artery injection, selective middle 
adrenal artery injection and angiography 
of the renal and celiac arteries following 
intra-arterial epinephrine. 

The exhibit summarized the technique 
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employed and the findings in approximately 
40 studies. 

Examples: of angiograms were shown of 
normal variations, adrenal hyperplasia, 
adrenal adenoma, and adrenal metastatic 
tumor, with correlation of the radiologic 
and pathologic appearance of the gland in 
a number of cases. 

Tomography of the Far: A Study of Mal- 
formations. Leon G. Kaseff, M.D., Gradu- 
ate Hospital, University of Pennsylv ania, 
and Presbyterian-University of Pennegl: 
vania Medical Center, Philadelphia, Penn- 
sylvania. 

Tomography is indispensable in the diag- 
nosis and planning of corrective surgery in 
congenital ear malformations, Clinical eval- 
uation and hearing tests often give no indi- 
cation as to the development of the de- 
formed ear. Highly precisioned pluridi- 
rectional tomography can best demonstrate 
the pathologic anatomy of the temporal 
bone. This preoperative information is 
necessary in patients with atresia or steno- 
sis of the external auditory canal, middle 
ear deformities and first branchial arch 
malformations. 

Examples of these malformations were 
demonstrated with complete clinical, audio- 
metric, tomographic and surgical correla- 
tion, 

Lung Cancer Cavity and Differential 
Diagnosis. Seuk Ky Kim, M.D., Depart- 
ment of Radiology, Duke University Hos- 
pital and Veterans Administration Hospi- 
tal, Durham, North Carolina. 

In the past it was thought that most lung 
cavities are caused by infection. However, 
in recent vears it was found that an appreci- 
able number of lung cavities are due to 

cancer. Similar to the situation of solitary 
pulmonary nodule, cavitation of the lung 
has become a difficult diagnostic problem 
in differentiating between cancer and in- 
fection. How does the cancer cavity differ 
from an infectious cavity? What type of 
malignancy cavitates? 

The exhibit illustrated and summarized 
the findings in this differential diagnosis on 
the basis of many cases of cancer cavity 
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which were with infectious 
cavities. 

The Diagnosis and Evaluation of Therapy 
of Cerebrovascular Disease by Retrograde 
Brachial Angiography. Robert A. Kuhn, 
M.D., New Jersey College of Medicine, 
Jersey City, New Jersey. 

This exhibit was designed to illustrate 
the valuable role of retrograde brachial 
angiography in the diagnosis and localiza- 
tion of cerebral vascular disorders and the 
application of this method to the evalua- 


compared 


tion of the therapeutic management of 


such disorders. 

A description of the procedure and the 
equipment used was offered along with a 
method of determining 
cerebral blood flow. 

Roentgenograms of patients with cere- 
brovascular disturbances demonstrating 
the use of this method in the objective 
evaluation of a vasodilating drug on cere- 
bral perfusion were presented. 

Renal Arteriography. Leon Love, M.D., 
Rogelio Moncada, M.D., and Carlos J. 
Reynes, M.D., Cook County Hospital, 
Chicago, Illinois. 

In a large county hospital there is an 
opportunity of seeing some unusual renal 
vascular lesions. 

The exhibitors presented illustrative 
cases of renal arterio-venous fistula, trau- 
ma, tumor and pseudo-tumor, and con- 
genital absence of kidney. 

The Hepatic Angle in 


the Roentgen 


Evaluation of Peritoneal Fluid, Milton 
Margulies, M.D., and Leonard Stoane, 


M.D., State University of New York, 
Downstate and Kings County Hospital, 
Brooklyn, New York. 

Much of the difficulty encountered in 
determining the presence or absence of free 
intraperitoneal fluid can be eliminated by 
evaluating the anatomy of the right flank 
using the inferolateral border of the liver, 
the hepatic angle, as a reference point. A 
clearly defined hepatic angle denotes the 
absence of intraperitoneal fluid in this 
region; an obliterated angle (with preserva- 
tion of the immediate extraperitoneal fat) 
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indicates free fluid in the peritoneal cavity. 
Colonic contents do not significantly alter 
the usefulness of this sign. 

The exhibitors presented documentative 
evidence to prove the value of this sign. 

The Clinical Application of the Anger 
Gamma Camera to Diseases of the Thyroid. 
John D. McAllister, M.D., Gilbert H. 
Alexander, M.D., Harold E. Goldberg, 
M.D., na Joseph A A. Marasco, Jr., M.D., 
St. Francis General ‘Hospital, Pittsburgh, 
Pennsylvania. 

The Anger gamma camera is a relatively 
recent development in Nuclear Medicine. 
Its chief value lies in the speed with which 
excellent scans can be obtained. While ex- 
treme versatility is possible with the 
camera, the thyroid by reasons of its super- 
ficial location and anatomy does not re- 
quire any special views. 

The exhibitors described their work on 
phantoms indicating that resolution is 
essentially the same as that seen in con- 
ventional scanning. Normal thyroid glands 
were illustrated showing wide variation in 
size and configuration. Abnormal thyroid 
glands were also included demonstrating 
hyperthyroidism, adenomas both “hot” 
and “cold,” thyroiditis and carcinoma. 

The exnibicors gave a scientific essay on 
the same subject. 

The Quantitation of Differential Renal 
Clearance without Ureteral Catheterization. 
L Meschan, M.D., William Boyce, M.D., 
H. E. Schmid, M.D., C. Douglas Maynard, 
M.D., F. C. Watts, B.S., and R. L. Witcof- 
ski, M.S., Bowman-Gray School of Medi- 
cine, Winston- Salem, North Carolina. 

i? hig exhibit presented a summary of: (1) 
renal clearances of renografin-I'*'; (2) tech- 
nique and methodology of performing the 
procedure; (3) representative normals and 
abnormals; and (4) the exhibitors’ experi- 
ences to date with performance of these 
differential clearances in various pathogenic 
states in graphic form. 

Chronic Pulmonary Diseases in Infants 
and Children, Victor G. Mikity, M.D., and 
Peter Kane, M.D., Children’s Division, 
Los Angeles County General Hospital and 
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University of Southern California, Los 
Angeles, California. 

Chronic pulmonary disease in children 

can present dificult problems in diagnosis. 

Congenital diseases, such as lobar em- 
physema, idiopathic pulmonary hemosider- 
OSIS, delay ed pulmonary maturity of the 
o juvenile Hamman Rich syn- 

kome and bronchopulmonary sequestra- 
tion were demonstrated. 

Acquired diseases of both infectious and 
noninfectious origin were also illustrated. 

The important pathologie changes and 
diagnostic features of each entity were 
emphasized. 

Fariations of the Petro-Sagittal Angle and 
its Importance in Diagnostic Roentgenology. 
Harold J. Peggs, M.D., Kaiser-Permenente, 
Santa Clara, Califor a 

One thousand skulls of the TODD collec- 
tron were compared anthropometrically and 
reentgenographically and confirmed on 100 
live patients. All data were computer 
analyzed, the figures being subjected to R? 
and T? accuracy tables. 

In essence the exhibitor found that two- 
thirds of humans have petro-sagittal angles 
which differ plus or minus degrees. 

The exactness of all studies approaching 
the petron axially (usually Maver and 
Cwen) are d lirectly dependent upon these 
angles. Prior measurement anthropometri- 
cally or by basilar view of the skull can 
determine these angles exactly. 

Ciivus Chordomas: Report of Four Cases. 
H. F. Plaut, M.D., and Ethyl S. Blatt, 
M.D., Veterans Administration Center and 
Veterans Administration Hospital, Dayton 
and Cincinnati, Ohio. 

Chordomas are rare tumors being ob- 
served most commonly in the sacrococcyg- 
eal region. They occur in the base of the 
skull in about 35 per cent of cases, are in- 
vasive and destructive but do not metasta- 
size. 


This exhibit emphasized the rate of 


growth, asymmetric development and calci- 
fication which seems to be more frequent 
than formerly reported. 

Radiologic Findings in Cerebral Gigan- 
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M.D., and 


Henry Ford 


tism. Andrew K. Poznanski, 
John N. Stephenson, M.D., 
Hospital, Detroit, Michigan. 

Ce-ebral gigantism is a syndrome consist- 
ing of symptoms of excessively rapid ad- 
vancement in stature and weight with in- 
creased maturity. In addition, special 
cranio-facial morphology and mental retar- 
dation are present in varying degree. 

The exhibit consisted of a complete 
cinical, endocrine, cytogenetic and roent- 
genologic evaluation of g children seen at 
Henry Ford Hospital who have had 
characteristics of this syndrome. 

The roentgenologic findings include a 
disproportionate maturity of the phalangeal 
epiphyseal ossification centers as compared 
to the maturation of the carpal or tarsal 
centers, thickening of soft tissues in some of 
the patients, and occasionally evidence of 
ventricular dilatation. 

Ariertography in Adrenal Tumors. Plinio 
Rossi, M.D., St. Vincent’s Hospital, New 
York, New York. 

Several representative cases illustrating 
the value of arteriography were demon- 
strated. These included adrenal tumors— 
primary or metastatic—-as shown by selec- 
tive erteriography. 

Roentgenologic Evaluation of Bladder Neck 
Obstruction, Charles E. Shopfner, M.D., 
Children’s Mercy Hospital, Kansas City, 
Misscuri. 

The roentgen features of bladder neck 
oostruction were correlated with vesicoure- 


teral reflux, bladder trabeculation, and 
residual urine in $27 children. 
Circumferential contractures and an- 


terior and posterior defects of the bladder 
neck are manifestations of degree of ure- 
thral distention, position of the bladder 
base plates, and urethral configuration. The 
bladder neck diameter was not the narrow- 
est point of the bladder outflow tract in any 
patient. 

This exhibit demonstrated that there is 
no consistent correlation of the roentgen 
features with vesicoureteral reflux, bladder 
trabeculation and residual urine. Contrac- 
tures, defects, and diameter measurements 
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of the bladder neck are not valid roentgen 
criteria of bladder neck obstruction. 

Osseous Manifestations of Leukemia in 
Children. Carole R. Simmons, M.D., 
Thomas S. Harle, M.D., and Edward B. 
Singleton, M.D., Baylor University Col- 
lege of Medicine and Texas Children’s 
Hospital, Houston, Texas. 

Leukemic involvement of bone often 
presents diagnostic features and at times 
may produce osseous changes simulating 
various other skeletal disorders. 

This exhibit included examples of the 
various types of osseous changes which 
demonstrate the common and unusual 
manifestations of leukemia in children. 

Femoro-Tibial Bypass. Renate L. Soulen, 
M.D., R. Robert Tyson, M.D., and Domi- 
nic A, DeLaurentis, M.D., Temple Uni- 
versity Medical Center, Philadelphia, 
Pennsylvania. 

The increasing incidence of peripheral 
vascular disease and the technical ad- 
vances in vascular surgery have made ar- 
terioplastic procedures widespread. Small 
vessel surgery, however, has been largely 
limited to laboratory animals. 

The exhibitors’ experience with recon- 
structive surgery utilizing autogenous vein 
grafts to small vessels below the knee has 
demonstrated: (1) the absolute necessity 
of accurate preoperative arteriograms to 
assess operability and determine surgical 


approach; (2) the technical feasibility of 


such surgery in humans; and (3) the ability 
of any one of the 3 major vessels of the 
lower leg to sustain the extremity. 

Roentgenologic and surgical methods 
and selected cases were shown. 

The exhibitors also had a scientific essay 
on the same subject. 

Arteriography in Orthopedics. T. W. 
Staple, M.D., R. G. Evens, M.D., and 
A. H. Stein, Jr., M.D., Mallinckrodt Ín- 
stitute of Radiology 
Orthopedics, Washington University School 
of Medicine, St. Louis, Missouri. 

The exhibit was a survey of the tech- 
niques and indications for arteriography in 
orthopedic problems. 
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A central panel illustrated these points. 
Sixteen representative roentgenograms 
demonstrated its use in trauma, inflamma- 
tory and neoplastic disease and postopera- 
tive situations. 

Koentgenologic and Clinical Evaluation of 
Vesicoureteral Reflux and Pyelonephritis in 
Children. Alfred L. Weber, M.D., Walther 
T. Weylman, M.D., Thomas E. Shea, 
M.D., and Guy W. Leadbetter, M.D., 
Massachusetts General Hospital, Boston, 
Massachusetts. 

This exhibit dealt with vesicoureteral 
reflux in the pediatric age group. 

The etiology of reflux was discussed 
briefly. 

Representative cases were illustrated to 
evaluate the diagnosis of reflux on the in- 
travenous urogram and cinecystogram, 
Special emphasis was placed on reflux and 
its relationship to pyelonephritis. Cases 
followed for several years were presented 
to show the deleterious effects of reflux. 
The increased incidence of reflux in pa- 
tients with double ureters and collecting 
systems was illustrated. The behavior of 
reflux during drug therapy, following 
vesical neck surgery and urethrotomy, was 
evaluated. 

A concise section on treatment of vesi- 
coureteral reflux completed the exhibit. 

Angiography in Musculo-Skeletal Trau- 
ma. Mark H. Wholey, M.D., Sam Poller, 
M.D., Klaus M. Bron, M.D., John M. 
Hendrickson, M.D., and H. Paul Newman, 
Departments of Radiology, University of 
Pittsburgh School of Medicine, The Vet- 
erans Administration Hospital, and Alleg- 
heny Valley Hospital, Pittsburgh, Penn- 
sylvania. 

The application of angiography in thorac- 
ic, abdominal and peripheral arterial in- 
juries associated with combined musculo- 
skeletal trauma was illustrated. Informa- 
tion of this nature is essential to the proper 
surgical approach. 

Amniography for Placental Localization. 
George T. Wohl, M.D., John P. Emich, 
M.D., Samuel W iltchik, M.D., Meron 
Blumberg, M.D., and Rich ard H. Schwan, 
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NLD., Philadelphia General Hospital, 
Philadelphia, Pennsylvania. 


Placental localization is frequently of 


major importance in determining proper 
management of patients with third trimes- 
ter bleeding. Amniography, a simple tech- 
nical procedure in which a water soluble 
contrast material is injected into the amniot- 
ic sac and appropriate roentgenograms are 
taken, is a new technique of high accuracy 
which permits easy and positive interpre- 
tation. 

The results of placental localization in 
sd patients in whom this technique was 
applied were demonstrated. 

The incidental findings of interest relat- 
ing to amniography were also incorporated 
into the exhibit and the exhibitors pre- 
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sented a scientific essay on the same sub- 
ject. 

Roentgen Diagnosis of Unilateral Exaph- 
thalmos. Judah Zizmor, M.D., Carl 
Fasano, M.D., Byron Smith, M.D., and 
William Rabbett, M.D., Departments of 
Radiology, Ophthalmology and Otolaryn- 
gology, Manhattan Eye, Ear and Throat 
Hospital, New York, New York. 

Roentgen signs of unilateral exophthal- 
mos are evident on routine roentgenograms 
in about ṣo per cent of the cases. 

This exhibit demonstrated that pneumo- 
tomography, opaque orbitography, phlebog- 
raphy or arteriography may indicate the 
cause of exophthalmos when routine roent- 
genograms are unrevealing. 
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THE TECHNICAL EXHIBITS 


HE TECHNICAL 

the Sixty-seventh Annual Meeting of 
the American Roentgen Ray Society, held 
September 27-30, 1966 in San Francisco, 
California, were unsurpassed in every re- 
spect. The ultramodern facilities of the lux- 
urious San Francisco Hilton Hotel, besides 
providing an inviting atmosphereof a resort, 
made possible the concentration of all 
activities of the Society (with the excep- 
tion of a few Instruction Courses) on the 
Convention Floor. The main Exhibit Hall, 
comprising joined Continental Parlors 1, 2, 
3, 4. and § was located side by side with the 
Ballroom, comprising joined Continental 
Parlors 6, 7, 8 and 9, where the Scientific 
Sessions were held. Overflow exhibits were 
placed in the East-North and South Cerri- 
dors, in continuation with the South-West 
and North Corridors, where the Scientific 
Exhibits were set up. 

This uniquely convenient arrangement, 
together with the fact that the Program 
Committee, under the able Chairmanship 
of President-Elect Clyde A. Stevenson, 
programmed all Scientific Sessions in the 
morning and Dr. Harold O. Peterson, Di- 
rector of the Section on Instructions, had 
scheduled all Instruction Courses in the 
afternoon, afforded the members of the 
Society and their guests, attending this 
year’s Annual Meeting in record number, 
unexcelled opportunities to visit these ex- 
hibits. They took advantage of this to the 
fullest extent and were richly rewarded, for 
they were able to view a dazzling array of 
items magnificently displayed. These in- 
cluded a great assortment of new x-ray, 
isotopic and ultrasound equipment, ac- 
cessories, x-ray tubes, image amplifiers, 
gamma and photo cameras, projectors, 
films, screens, automatic processors, 1M- 
proved catheters and injectors, chemicals 
and radiopharmaceuticals, the latest publi- 
cations in books and encyclopedias, and 
many other items of current interest. 

Asin past years, Mr. Clifford L. Sherratt, 
Honorary Member, and Dr. James C. 


EXHIBITS of 


Cook, Manager of the Annual Meeting, 
spared no time or effort in making all the 
detailed preparations for the exposition of 
these Exhibits, thereby enhancing im- 
measurably the over-all success of this 
year’s meeting. The Society wishes to thank 
them most sincerely. 

The Society also wishes to express its 
profound appreciation to the following 
firms for their valuable contribution to the 
over-all success of the Annual Meeting: 

Abbott Laboratories, North Chicago, 
Illinois; Agfa-Gevaert, Inc., Teterboro, 
New Jersey; Albert Acan X-Ray Solutions, 
Inc., Detroit, Michigan; Americana Corpo- 
ration, Beverly Hills, California; Atomic 
Energy of Canada Limited, Ottawa, On- 
tario; Auto-typist, San Francisco, Cali- 
fornia; Automatic Seriograph, Division of 
Litton Industries, College Park, Mary- 
land; Barber-Colman Company, Rockford, 
Illinois; Barnes-Hind Barium Products, 
Sunnyvale, California; Bar Ray Products, 
Inc., Brooklyn, New York; Cenco X-Ray 
Company, Chicago, Hlinois; Cook, Incorpo- 
rated, Bloomington, Indiana; Continental 
X-Ray Corporation, Chicago, Ilinois; Cor- 
dis Corporation, Miami, Florida; Dunlee 
Corporation, Bellwood, Hlinois; Eastman 
Kodak Company, Rochester, New York; 
E. I. Du Pont de Nemours & Company, 
Wilmington, Delaware; Encyclopaedia Bri- 
tannica, Chicago, Illinois; Eureka X-Ray 
Tube Corporation, Chicago, Ilinois; E-Z- 
EM Company, Inc., Port Washington, 
Long Island, New York; General Aniline & 
Film Corporation, New York, New York; 
General Electric Company, X-Ray De- 
partment, Milwaukee, Wisconsin; Gordon 
Consultants, Inc., New York, New York; 
Great Books of the Western World, 
Chicago, [linois; Grune & Stratton, Inc., 
New York, New York; Halsey X-Rar 
Products, Inc., Brooklyn, New York; 
Hoeber Medical Division, Harper & Row, 
Publishers, New York, New York; Hoechst 
Pharmaceuticals, Inc., Cincinnati, Ohio; 
Hoffrel Instruments Incorporated, Nor- 
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walk, Connecticut; Hogan X-Ray Com- 
pany, Philadelphia, Pennsy vania; Ilford 
Inc., New York, New York; Keleket, 
Division of ie for Elec tronics, 
Inc., Waltham, Massachusetts; Lea and 
Febiger, Philadelphia, Pennsylvania; Lie- 
bel-Flarsheim Company, Cincinnati, Ohio; 








of 


Machlett Laboratories, Incorporated, 
Springdale, Connecticut; Mallinckrodt 


Pharmaceuticals, St. Louis, Missouri; N & 
H Instruments, Inc., Carrollton, Texas; 
North American Philips Co., Inc., New 
York, New York; Nucle at-Chicapo Corpo- 
ration, Des Plaines, Illinois; Pako. Corpora- 
ten, Minneapolis, Minnesota; Physicians 
Technical Equipment Company, Ine., New 
York, New York; Picker X-Ray Corpora- 
tion, Cleveland, Ohio; Polaroid Corpora- 
tien, Cambe Massachusetts; Profex- 
ray, Inc., Division of Litton Industries, 
May wood, Illinois; The Purdue Fre =derick 
Company, Yonkers, New York; W. B. 
Saunders Company, Philadelphia, Penn- 
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syivamia; Schick X-Ray Company, Inc., 
Chicago, Illinois; Frank Scholz X-Ray 
Corporation, Boston Massachusetts; Sie- 
mens Medical of America Inc., Union, New 
Jersey; Smith Kline Instruments Com- 
pany, Philadelphia, Pennsylvania; E. R. 
Squibb & Sons, New Y ork, New York; 
Sperry Products, Division of Automation 
Industries, Inc., Danbury, Connecticut; 
J. W. Stacey, Inc., Palo Alto, California; 
Standard X-Ray Company, Chicago, H- 
linois; Charles C Thomas, Publisher, 
Springfield, Hlinois; U. S. Catheter a In- 
strument Corporation, Glens Falls, New 
York; U. S. Radium Corporation, Morris- 
town, New Jersey; Walker Industries, San 
Francisco, California; Westinghouse Elec- 
tric Corporation, Baltimore, Maryland; 


The Willams & Wilkins Company, Balti- 


more, Maryland; Winthrop Laboratories, 
New York, New York; Year Book Medical 


Publishers, Inc., Chicago, Illinois. 
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NEW OFFICERS OF THE 


=A. 


AMERICAN ROENTGEN RAY SOCIETY 


At the Sixty-seventh Annual Meeting of 


the American Roentgen Ray Society Bee 
at the San Francisco-Hilton Hotel, San 
Francisco, California, September 27-30, 
1966, the following officers were elected: 
President: Dr. Clyde A. Stevenson, Spo- 
kane, Washington; President-Elect: Dr. C zi 
Allen Good, “Rochester, Minnesota; 7s/ 
Vice-President: Dr. Arthur E. Childe, 
Winnipeg, Manitoba, Canada; 2nd Vice- 
President: Dr. Edgar M. McPeak, Wash- 
ington, D.C.; Secretary: Dr. Ted F. Leigh, 
Emory University Clinic, Atlanta, Geor- 
gia; Treasurer: Dr. Stephen W. Brown, 
1467 Harper Street, Augusta, Georgia 
30902. 

The new Chairman of the Executive 
Council is Dr. J. Scott Dunbar, Montreal 
Children’s Hospital, 2300 Tupper Street, 
Montreal, P.Q., Canada. 

The Sixty-eighth Annual Meeting of the 
Society will be held at the Pa 
Hilton Hotel, Washington, D.C., Septem- 
ber 26-29 , 1967. 

SOCIETY FOR PEDIATRIC RADIOLOGY 

The Ninth Annual Meeting of the So- 
ciety for Pediatric Radiology was held 
September 26, 1966, in conjunction with 
the Sixty-seventh Annual Meeting of the 
American Roentgen Ray Society, at the 
San Francisco-Hilton Hotel, San Fran- 
cisco, California. 

The following officiers 
President: Dr. Harvey White, Chicago, 
Illinois; President-Elect: Dr. Martin’ H. 
Wittenborg, Boston, Massachusetts; Secre- 
tary-Treasurer: Dr, John L. Gwinn, Chil- 
dren’s Hospital, 4614 Sunset Boulevard, 
Los Angeles, California 90027. 

The Tenth Annual Meeting of the So- 
ciety will be held at the Washington-Hilton 
Hotel, Washington, D. C., September 25, 
1967. 


were elected: 


Large; 
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AMERICAN SOCIETY OF 
THERAPEUTIC RADIOLOGISTS 

The membership of the American Club 
of Therapeutic Radiologists has over- 
whelmingly voted for a change in the name 
of their organization to the “American 
society of Therapeutic Radiologists.” 

A new Constitution and By-Laws have 
been adopted. 

The Board of Directors of the Society is 
composed as follows: Milford D. Schulz, 
Chairman; James J. Nickson, President; 
Henry S. Kaplan, President-elect; Simon 
Kramer and Melvin L. Griem , Members-at- 
Howard B. Latourette, Treasurer; 
and Juan A. del Regato, Secretary. 

The Members of the Society “will con- 
vene twice annually upon the occasions of 
the Annual Meetings of the Radiological 
Society of North America and the Ameri- 
can Radium Society. 

The first Scientific Session of the Ameri- 
can Society of Therapeutic Radiologists 
was held in conjunction with the Annual 
Meeting of the Radiological Society of 
North America in Chicago, on November 
29, 1906. 


ARMED FORCES INSTITUTE 


OF PATHOLOGY (AFIP) 
Lieutenant Commander Elas Paul 
George Theros, MC, USN, recently was 


appointed the new Chief of the Registry of 
Radiologie Pathology at AFIP. He suc- 
ceeds Colonel Wiliam L. Thompson, MC, 
USA (Ret. )s who had served as Chief of hie 
Registry since its founding in 1947. 

The eminence of this Registry today is 
due almost entirely to the work of Colonel 
Thompson. He is most noted for his selfless 
dedication to bettering the instruction of 
radiology. Students came from countries 
throughout the world to attend his classes. 
He firmly believed that personal contact 
was far better than any written word. 

For his outstanding contributions to the 
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field of radiology, Colonel Thompson was 
awarded the Scroll of the Radiological 
Society of North America in December, 
1965, and the Gold Medal of the American 
College of Radiology in February, 1966. 








POSTGRADUATE SEMINAR “CURRENT 
STATUS OF GENITOURINARY 
ROENTGENOLOGY" 

A Postgraduate Seminar on “Current 
Status of Genitourinary Roentgenology,”’ 
sponsored by the University of Miami 
School of Medicine will be held at the 
Fontainebleau Hotel, Miami Beach, 
Florida, March 20-23, 1967. 

The Seminar will emphasize the current 
trends in genitourinary roentgenology. A 
total of 38 papers, two panel discussions and 
two film reading sessions will be presented. 

The following topics will be covered: (1) 
radiologic examination of the urinary tract; 
(2) radiologic pyelonephritis; (3) renal 
papillary necrosis; (4) obstructive and non- 
obstructive hydronephrosis; (5) nephro- 
calcinosis; (6) renovascular hypertension; 
(7) radiologic diagnosis of renal tumors and 
cysts; (8) tumors of the renal pelvis and 
ureter: (g) exotic lesions of the upper and 
lower urinary tract; (10) renal vein throm- 
bosis; (11) radiologic and pathologic studies 
ef the adrenal glands; (12) kidney trauma; 

3) ureteral pathology (notching, stria- 
tion, retroperitoneal fibrosis, congenital 
anomalies); (14) low ureteric obstructions 
in infancy and childhood; (15) ureteral re- 
flux; (16) cy stourethrogtapl 1y; (17) ob- 
structive urethropathies; (18) vesical neo- 
plasms; (1g) trigonal canal; (20) genitog- 
aphy; (21) urologic procedures and homo- 
transplantation; and (22) current status of 
special procedures in obstetric and gyne- 
cologic roent genology. 

In addition to the local Faculty, the 
following distinguished Guest Speakers will 
participate in this Seminar: Dr. Reed 
Altemus, Pittsburgh, Pennsylvania; Dr. 
fohn L. Emmett, Rochester, Minnesota; 
Dr, John A. Evans, New Tork, New York; 
Dr. Benjamin Felson, Cincinnati, Ohio; 
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Dr. C. J. Hodson, F.R.C.P., F.F.R., Lon- 
don, agland: Dr. T hones F. Meany. 


Cleveland, Ohio; Dr. Meyer M. Melicow, 
New York, New York; Dr. Harry Z. Mel- 
lins, Brooklyn, New Y ork; Dr. Alphonse J. 
I Palu binskas, San Francisco, California; 
Professor Ulf Rudhe, Stockholm, Sweden; 
and Dr. Charles E. Shopfner, Kansas City, 
Missouri. 

The Director of the Seminar 1s Dr. Ray- 
mond E. Parks, Chairman, Department of 
Radiology, University of Miami School of 
Medicine; the Chairman of the Scientific 
Program Committee is Dr. Manuel Via- 
monte, Jr., and the Chairman of the Regis- 
tration Committee is Dr. Robert F. Felt- 
man. 

For further information please write to 
Department of Radiology, University of 
Miami School of Medicine, Jackson Memor- 
ial Hospital, Miami, Florida 33136. 








POSTGRADUATE COURSE IN PEDIATRIC 
RADIOLOGY--THE URINARY TRACT 
The Department of Radiology of the 
New York Hospital—-Cornell Medical Cen- 
ter will give a Postgraduate Course in “Uri- 
rary System of Children” April 
1967, in the Cornell Medical College Audi- 
onium, 1300 York Avenue (at both Street), 
New York City, New York. 
Complementing to local Faculty, the dis- 
tinguished Guest Faculty comprises Dr. 


O- oy ew | 
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Donald H. Altman, Miami, Florida; Dr. 
David H. Baker, New York, New York; 


Dr. Walter E. Berdon, New York, New 
York; Dr. John P. Dorst, Baltimore, Mary- 
land; Dr. J. Scott Dunbar, Montreal, P.Q., 
Canada; Dr. Leonard M. Freeman, New 
York, New York; Dr. Bertram R. Girdany, 
Pittsburgh, Pennsylvama; Dr. Edith L. 
Potter, Chicago, Hlinois; Dr. Charles V. 
Pryles, New York, New York; and Dr. 
James A. Wolff, New York, New York. 

For application for enrollment please 
write to Herman Grossman, M.D., De- 
partment of Radiology, New York Hospi- 

tal-~-Cornell Medical Center, 525 East 
és th Street, New York, New York roo21, 
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NEW YORK ROENTGEN SOCIETY 


The Spring Conference of the New York 
Roentgen Society will be held during Thurs- 
dar April 2 27; Friday, April 28; and Satur- 
day ; April 29, Sal T the Waldorf Astoria 
Hotel in New York 
For further information please contact 
Arnold L. Bachman, M.D., Secretary, New 
York Roentgen Society, Francis Delafield 
Hospital, 99 Fort W; ashington Avenue, 
New York, New York 1003 








Vilith SYMPOSIUM 
NEURORADIOLOGICUM 

The VIIth Symposium Neuroradio- 
logicum will be held in Unesco Building, 
Paris, September 25th to September 3oth, 
1967. 

Further information may be obtained 
from Professor H. Fischgold, Hôpital de la 


Pitié, 83 Boulevard de VHdpital, Paris 
AX HIème, France. 
age gen 
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THE R. J. REEVES RADIOLOGICAL 
SOCIETY 

The R. J. Reeves Radiological Societv 
held a meeting on Saturday, November 
12th, honoring Dr. Reeves, Professor of 
Radiology at Duke University, on the oc- 
casion of his retirement as administrative 
head of the Department of Radiology. 

The major event of the meeting was the 
evening address by Dr. Ross Golden, pre- 
ceded by a cocktail party and dinner. 

As part of the weekend, an announce- 
ment was made that the R. J. Reeves 
society and the Department of Radiology 
are planning to honor Dr. Reeves with an 
oil portrait and that the new departmental 
library will be named for Dr. Reeves. 

Dr. Reeves was one of the early radiolo- 
gists in North Carolina. He has built a 
teaching program at Duke University, 
from which approximately one hundred 
residents have received their training. 


* 
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BOOK REVIEW AND BOOKS RECEIVED 





Books sent for review are acknowledged under: Books Recien. This must be regarded as a suficient return for the 
courtesy of the sender. Selections will be made ee review in the interest of our readers as pan Pomi: 


RapioLocic DIAGNOSIS IN INFANTS AND CHIL- 
DREN. By Armand E. Brodeur, M.D., M. Rd., 
F.A.C.R., Chief Radiologist, Cardinal Glen- 
non Memorial Hospital for Children, St. 
Louis, Mo.; Associate Professor of Radiology 
and Associate Dean, St. Louis University 
School of Medicine, St. Louis, Mo.; Medical 
Director, School of X-ray Technology, St. 
Louis University, St. Louis, Mo.; Chairman, 
Committee on Public Education, American 
College of Radiology; Consultant to the 
Division of Radiological Health of the Unit- 
ed States Public Health Service and The 
Catholic Hospital Association of the United 
States and Canada. Cloth. Pp. 503, with 757 
illustrations. Price, $26.50. The C. V. Mosby 
Company, 3207 Washington Boulevard, St. 
Louis, Mo., 1965. 


In 1945 Dr. John Caffey published his mag- 
nificent text on Pediatric X-ray Diagnosis, and 
this book was revised in 1950, 1956, and 

tg61.* Since the field of pediatric radiology is 
expanding and advancing so rapidly, there 
is a real need for another genera: textbook 
in the subspecialty of Pediatric Radiology. 
However, such an undertaking is so menumen- 
tal that one may question whether a compara- 
ble work will ever again appear; the task may 
be too overwhelming or the subject too large, 
for any one author or for a single book, Regret- 
table as it seems, postgraduate students in 
radiology may have to depend increasingly 
upon monographs on individual body systems 
or groups of diseases. 

Doctor Brodeur’s single volume of Radiologic 
Diagnosis in Infants and Children only partially 
meets the needs of those to whom he has ad- 


dressed it-—‘‘medical students, interns, resi- 
dents, pediatricians, general radiologists, pa- 
thologists, and physicians orientated to 


*? 


pediatrics .... 

One of the most obvious and serious weak- 
nesses of the book ts its lack of adequate refer- 
ences to the literature. Over 200 references are 
listed at the back of the book, but without any 
attempt to refer to this bibhography through- 


* The Fifth Edition is in press. 


cut the text. Thus, the reader is given no guid- 
ance if he wishes to read more widely on any 
subject discussed, or to check the authority for 
any of the statements made. For example (Page 
$3), the author states “The Mayo series, report- 
ing calcification in 15 percent of all tumors of the 
brain, generally agrees with our experience.” 
What Mayo series? If the reader already knows, 
he has presumably little need for this text. If he 
does not, but wishes to find a reference for the 
“Mayo series,” he must be prepared to go 
through the complete bibliographic list, and 
even then there is no assurance that he will find 
the “Mayo series” so casually mentioned. 

The section on the mandible is written by a 
dental surgeon, but the roentgenographic repro- 
ductions are often disappointing and the lan- 
guage sometimes rather vague; there 1s a refer- 
ence, for example, on Page 85 to a “pathologic 
abscess condition.” 

As regards the problem of radiation hazard to 
the infant and child, Doctor Caffey, in the pref- 
ace to the fourth edition of his textbook, stated 
that “the most pressing current problem in 
pediatric radiology is the reduction of hazards 
to the patient from exposure to ionizing radia- 
tron. Pediatric radiologists must become deeply 
interested in the problems of improving protec- 
tion for the patient ....” This aspect is not 
sufficiently stressed in Doctor Brodeur’s book 
and indeed many of the reproduced roentgeno- 
grams demonstrate exposure of more of the 
patient than would seem desirable for the diag- 
nostic information being sought. 


J. Scorr Dunspar, M.D. 


BOOKS RECEIVED 


OrTHOPÄDISCHES Dracrostikum: BILDER, ÜBER- 
SICHTEN, TapBeLLEN. By Dr. med. Hans U. De- 
brunner, Aarau/Schweiz. Paper. Pp. 128, with 98 
illustrations. Price, kartoniert DM 2g.. Georg 
Thieme Verlag, Stuttgart. In U.S.A. and Canada, 
Intercontinental Medical Book Corporation, New 


York 16, N. Y., 1966. 
Viruses ÍNDUCING Cancer: [MPLICATIONS FOR 
Tuerapy, Edited by Walter J. Burdette, A.B., 


A.M, Ph.D., M.D., Professor of Surgery and 
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Associate Director, M. D. Anderson Hospital and 
Tumor Institute, The University of Texas, Hous- 
ton, Texas. Cloth. Pp. 498, with some illustrations. 
University of Utah Press, Salt Lake City, Utah, 
1966, 


Primary Heparoma. Edited by Walter J. Burdette, 
A.B., AM., Ph.D., M.D., Professor and Head 
of the Department of Surgery and Director of the 
Laboratory of Clinical Biology, University of 
Utah College of Medicine; Surgeon-in-Chief, 
Salt Lake County Hospital; Chief Surgical Con- 
sultant, Veterans Administration Hospital, Salt 
Lake City, Utah. Cloth. Pp. 150, with some Hius- 
trations. University of Utah Press, Salt Lake 
City, Utah, 1965. 


LEGAL CONSIDERATIONS on fonizing RADIATION: 


RADIONUCLIDES AND Raprarion Emirtrinc De- 
vices. By Gerald L. Hutton, LL.B., Assistant to 
the Director, Division of Safety Standards, U.S, 
Atomic Energy Commission, Washington, D. C. 
Cloth. Pp. 93. Price, $5.50. Charles C Thomas, 
Publisher, 301-327 East Lawrence Avenue, 
Springfield, HIL, 1966. 


ALPHABETICAL INDEX OF RoOENTGEN DIAGNOSES 


AND PROCEDURES: WITH Cope NUMBERS or THE 
American Coutece or Raprotocy. A Cross- 
index of Roentgen Diagnoses Alphabetized for a 
Variety of Filing Systems. By Gerhart S. Schwarz, 
M.D., Chief of Radiologic Services, New York 
Medical College Chronic Disease Center; Bird S. 
Coler Hospital; Professor of Radiology, Flower & 
hifth Avenue Hospitals; Visiting Radiologist, 
Metropolitan Hospital, New York, N. Y.; and 
Henry J. Powsner, M.D., Major, U.S.A. F., M.D., 
Chief of Radiology Service, 7520th United States 
Air Force Hospital, South Ruislip, Middlesex, 
United Kingdom. Pocket Edition. Cloth. Pp. 204. 
Price, $8.50. Charles C Thomas, Publisher, 301- 
327 East Lawrence Avenue, Springfield, HL, 1966. 


PeripHeraL ArrertaL Disease. By Wiley F. 
Barker, M.D., Professor of Surgery, University of 
California, Los Angeles, School of Medicine. Vol- 


Books Received 


Texrsook or RADIOTHERAPY. By 


STRAHLENSCH ADEN 


DECEMBER, 1966 


ume IV in the Series, Major Problems in Clinical 
Surgery. J. Englebert Dunphy, M.D., Consulting 
Editor. Cloth. Pp. 229, with some illustrations. 
Price, $8.50. W. B. Saunders Company, West 
Washington Square, Philadelphia, 19664. 


Compurers IN Mepicine BistioGraruy. Edited by 


Arch H. Turner, Jr., and Dean A. Schmidt. Pub- 
lished by the Department of Radiology and the 
Medical Center Library, School of Medicine, 
University of Missouri, Columbia, Mo. Paper. 
School of Medicine, University of Missouri, Co- 
lumbia, Mo., 65201, August, 196%. 


Gilbert H. 
Fletcher, M.D., Radiotherapist, Professor of Radi- 
ology, Head of Department of Radiotherapy, The 
University of Texas M. D. Anderson Hospital and 
Tumor Institute, Houston, Texas. Cloth. Pp. s80, 
with 367 illustrations. Price, $20.00, Lea & Febi- 
ger, 6005. Washington Square, Philadelphia, 1966. 


THe DEVELOPMENT OF ZONAL CENTRIFUGES AND 


ANCILLARY SYSTEMS FoR Tissue FRACTIONATION 
AND Anatysts. National Cancer Institute Mono- 
graph 20, June, 1966. Edited by Norman G. 
Anderson, Ph.D., Biology Division, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. Cloth. 
Pp. 526, with some illustrations. Price, $4.75. 
Superintendent of Documents, U. S. Government 
Printing Office, Washington, D. C., 1966. 


UND STRAHLENHAMATOLOGIE, 
Vorträge aus einem Fortbildungslehrgang 1964 der 
Deutschen Akademie für ärztliche Fortbildung. 
Cloth. Pp. 166, with some figures and tables. Price, 
Geb. MDN 25,~—-. Veb Verlag Volk und Gesund- 
heit, Berlin, 1965. 


DEUTSCHER RÖNTGENKONGRESS 1965. Bericht über 


die 46. Tagung der Deutschen Röntgengesellschaft 
vom 29, April bis 2, Mai, 1965, Nürnberg. Paper. 
Pp. 236, with 347 illustrations. Price, DM 73,-~. 
Georg Thieme Verlag, Stuttgart 1, Germany. In 
U.S.A. and Canada, Intercontinental Medical 
Book Corporation, New York 16, N. Y., 1966. 
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SOCIETY PROCEEDINGS 








MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES oF AMERICA 


American Roentcen Ray Society 
Secretary, Dr. Ted F. Leigh, Emory University Clinic, 
Atlanta, Ga, 30322. Annual Meeting: Washington-Hilton 
Hotel, W ashington, D., C., Sept 26-29, 1967. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr, Fernando G. Bloedorn, Division of Radio- 
therapy, University of Maryland Hosp., Baltimore, Md. 
21201. Annual meeting: Royal York Hotel, Toronto, 
Önt., Canada, May 29-31, 1967. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary-Treasurer, Dr. Maurice Doyle Frazer, 1744 
South Fifty-eighth St, Lincoln, Neb Annual meeting: 
Palmer House, Chicago, HL, Nov. 2 27- Dec, 2, 1966. 

AmERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, HI Annual meeting: Century Plaza 
Hotel, Los Angeles, Calif., Jan. 31-Feb. 4, 1967. 

Secrion on RADIOLOGY, AMERICAN MEDICAL ASSOCIATION 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hospi- 

tal, Detroit, Mich. 48201. Annual meeting: Atlantic City, 
June 18-22, 1967. 

American Board or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondence should 
be directed to Kahler Hotel Building, Rochester, Minn. 

The Fall 1966 examination will be held at the Wash- 
ington Hilton Hotel, Washington, D.C., December §-9, 
inclusive. The deadline for filing applications was June 
30, 1966. 

The Spring 1967 examination will be held at the Pitts- 
burgh Hilton Hotel, Pittsburgh, Pennsylvania, June ¢~9, 
inclusive. The deadline for filing applications for this 
examination is December 31, 1966. 

The Fall 1967 examination will be held at the Statler 
Hilton Hotel, Dallas, Texas, December 4-8, inclusive. 
The deadline for filing applications is June 30, 1967. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Sera. Leonard Stanton, Hahnemann Medical College, 

230 N. Broad St., Philadelphia, Pa. 19102. Annual meet- 
mg to be announced. 

AmERICAN Society oF THerapeutic RADIOLOGISTS 
Secretary, Dr. J. A. del Regato, Penrose Cancer Hospital, 
Colorado Springs, Colo. 80997 

American SOCIETY ror Diacnosric ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 352 N. Neville St., 
Pittsburgh, Pa. 15213. 

TWELFTH INTERNATIONAL CONGRESS OF RADIOLOGY 
President, Dr. Kempo Tsukamoto, 9-1,4- -chome, Angewa, 

_hiba, Japan. Meeting: Hote! New Otane, Tokyo, Japan, 
Bet. 6-11, 1969. 

NINTH INTER-AMERICAN Concress or RapioLoGY 
Coun selor for the United States, Dr, Juan A. del Regato, 
Penrose Cancer Hospital, 2215 North Cascade Ave., 
Colorado Springs, Colo. 80997. 

President, Dr. leandro Z ahiaurre: Montevideo, Uruguay. 
Meeting: Hotel San Rafael, Punta-del Este, Uruguay, 
Nov. 29-Dec. 5, 1967. 

[NTER-AMERICAN COLLEGE or RADIOLOGY 
President, Dr. Oscar Soto, H. Urteaga 480, Lima, Pert. 

ALABAMA RADIOLOGICAL SOCIETY 
secretary, Dr. Walter Brower, Birmingham, Ala. Meets 
ame and place of Alabama State Medical Association. 

American NUCLEAR SOCIETY 
Treasurer, Raymond Maxson, 86 E. Randolph St., 
Chicago, Ill. Annual meeting to be announced. 


American SOCIETY ror Diagnostic ULTRASOUND 
Secretary, Dr. Charles C. Grossman, 552 N. Neville St., 
Pittsburgh, Pa. 15213. 

Arizona RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. George Gentner, 3435 W. 
Durango, Phoenix, Ariz. Two regular meetings a year. 
Annual meeting at time and place of State Medical Asso- 
ciation and interim meeting six months later. 

ARKANSAS CHAPTER OF AMERICAN COLLEGE oF RADIOLOGY 
Secretary-Treasurer, Dr. William J. ae St. Vin- 
cent Infirmary, Little Rock, Ark. 72206 

Arkansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles W. Anderson, 11084 Poplar, Pine 
Bluf, Ark. Meets every three months and also at time 
and place of State Medical Association. 

ASSOCIATION OF University RADIOLOGISTS 
Secretary-Treasurer, Dr. Stanley Rogoff, Department ot 
Radiology, University of Rochester Medical School, 
Rochester, New York 14620. Annual meeting: Temple 
University School of Medicine, Philadelphia, “Pa, a May 
12-13, 1907. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald R. Rooney, Burnt Hickory Road, 
Marietta, Ga. Meets monthly except during three sum- 
mer months, on third Tuesday, at the Academy of Medi- 
cine, Atlanta, Ga., at 8:00 P.M, 

Bavarian-AMERICAN Rapro.ocic Society 
Secretary, Colonel Kurt Harrell, Landstuhl Army Medi- 
cal Center, Landstuhl, Germany. Meets quarterly. 

Broecker RaproLocicaL SOCIETY 
Secretary-Treasurer, Dr. R. John Gould, 441 Lombardy 
Rd, Drexel Hill, Pa. 19026. 

Biugcrass RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Arthur Lieber, University of 
Kentucky, University Hospital, Lexington, Kentucky. 
Meets quarterly. 

BrooxLyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Pinck, Long Island College 
Hospital, 340 Henry St., Brooklyn, N. Y. Meets first 
Thursday of each month, October through June. 

Burrato RADIOLOGICAL SOCIETY 
Secretary, Dr. Victor A. Panaro, 42 Burroughs Drive, 
Buffalo, N.Y. 14226. Meets second Monday evening each 
month, October to May inclusive. 

CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. L. Henry Garland, Suite 1739, 450 Sutter 
St., San Francisco, Calif. Meets annually Pie meeting 
of California Medical Association. 

CarawBa VALLEY RADIOLOGICAL SOCIETY 
secretary, Dr. Emmett R. White, P. O. Box 303, Ruther- 
ford College, N. C. Meets every Tuesday, Dept. of 
Radiology, Valdese General Hosp., Valdese, N. C., at 
12100 P.M. 

CenrrAaL New York RapioLoGIcaL SOCIETY 
Secretary-Treasurer, Dr. Robert A. Bornhurst, State 
Univ. Hospital, 7s0 E. Adams St., Syracuse, N. Y. 13210. 
Meets first Monday each month, ‘October through May. 

CENTRAL Onto RADIOLOGICAL SOCIETY 
Secretary, Dr. Olhe E. Southard, 2787 Tudor Rd., 
Columbus, O. 43209. Meets second Thursday in October, 
November, January, and March 1s and May 19 at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL Society or NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Cente: 
Bldg., 1903 West Harrison St., Chicago 12, Hl. 

Cuicaco RoENTGEN SOCIETY 
Secretary-Treasurer, Dr. Fredric D. Lake, 2548 N. Lake- 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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view Ave., Chicago, Ill. 60614. Meets second Thursday of 
each month, October to April, except December, at the 
Pick-Congress Hotel at 8100 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Theodore J. Castele, 18869 
Canyon Rd. Parkview Park, Ohio 44126. Meetings at 
7200 PM. on fourth Monday of October, November, 
January, February, March and April. 

Cotorapo RADIOLOGICAL SOCIETY 
Secretary, Dr. George F. Wertz, 1801 High St., Denver, 
Colo. Meets third Friday of each month at Denver Ath- 
letic Club from September through May. 

Connecticut VaLLeY RapioLoGIe SOCIETY 
Secretary, Dr. William W. Walthall, Jr., 130 Maple St., 
Springfield, Mass. Meets in April and October. 

Datias-Forr Wort Rapiotocicat Society 
Secretary-Treasurer, John S. Alexander, 1217 W. Cannon, 
Ft. Worth, Tex. Meets monthly, third Monday, at South- 
west International Airport at 6:30 P.M. 

Derroir Roentgen Ray anp Rapium Society 
Secretary, Dr. Robert L. Willis, Harper Hospital, Detroit 
1, Mich. Meets monthly, first Thursday, October through 
May, at David Whitney House, 1010 Antietam, at 6:30 
P.M, 

East Bay Rapro.ocicat Society 
Secretary, Dr. Tom H. Piatt, 12 Camino Encinas, Orinda, 
Calif. 94563. Meets first Thursday each month, Oct. 

7 through May, at University Club, Oakland, Calif, 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. C. H, Kimball, 2200 Harris Circle, Cleve- 
land, Tenn. Meets in January and September. 

Eastern RADIOLOGICAL SOCIETY 
Secretary, Dr. James F. Martin, North Carolina Baptist 
Hospital, Winston-Salem, N. C. 

FLorrpa RapioLocIcaL Society 
Secretary, Dr. John C. Jowett, Orlando, Fla. Meets twice 
annually, in the spring with the annual State Society 
Meeting and in the fall, 

Floripa West Coast RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Garth R. Drewry, Tampa 
General Hospital, Tampa 6, Fla. Meets in January, 
April, July and October. 

Georaia Rapio.ocicat Society 
Secretary, Dr. Al Rayle, Jr., 938 Peachtree St, N. E., 
Atlanta, Ga. Meets in spring and fall with Annual State 
Society Meeting. 

GREATER Miami Raproocicat Society 
Secretary-Treasurer, Dr. Arthur R. Miller, North Miami 
General Hospital, yor N.E. 127th St., North Miami, 
Fla, Meets monthly, third Wednesday at 8:00 P.m., at 
Jackson Memorial Hospital, Miami, Fla. 

GREATER St, Louvis Society or Rapio.oaists 
Secretary-Treasurer, John W. Fries, 3520 Chippewa St., 
St. Louis, Mo. 63118. 

Hawai RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr, Donald Ikeda, Kuakini Hospi- 
tal, 347 N. Kuakini St., Honolulu, Hawaii 96817. Meets 
third Monday of each month at 7:30 P.M. 

Houston Rapio.ogicaL Society 
Secretary, Dr. William A, Vint, 1004 Seymour, Pasadena, 
Tex. Meets fourth Monday of each month, except June, 
July, August and December, at the Doctors’ Club, 
8:00 PM., Houston, Tex. 

Ipano Strate Rapro.ocicat Sociery 
Secretary, Dr. George H. Harris, Bannock Memorial Hos- 
pital, Pocatello, Idaho. Meets in the spring and fall. 

Intinois RaproLocicat Sociery 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets in the spring and fall. 

Inp1ana Roentcen SOCIETY, Inc. 

Secretary, Dr. Richard A. Silver, 1815 N. Capitol Avenue, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa Rapro.ocicat Society 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, lowa. Luncheon and business meeting during 
annual session of Iowa State Medical Society. The scien- 
tific section is held in the autumn. 
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Kansas Rapio.ocical Society 
Seeretary-Treasurer, Dr. Robert C, Lawson, 310 Medical 
Arts Bldg., roth and Horne, Topeka, Kan. Meets in 
spring wth State Medical Society and in winter on call. 

Kentucky*CuaPTer, AMERICAN COLLEGE or RADIOLOGY 
Secretary-Treasurer, Dr. Robert H. Greenlaw, Dept. of 
Radiology, Univ. of Kentucky Med. Ctr., Lexington, Ky. 
Meets semiannually. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joan R. Hale, 402 Heyburn 
Building, Louisville, Ky. Meets monthly on second 
Friday ar Sheraton Hotel, Louisville, Ky. 

Kincs Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Sidney Hendler, 1880 Ocean Ave., Brook- 
lyn 30, N. Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

Knoxvitte RADIOLOGICAL SOCIETY 
Secretary, Dr. Clifford L. Walton, Blount Professional 
Bidg., Knoxville 20, Tenn. Meetings are held the third 
Monday of every other month at the University of 
Tennessee Memorial Research Center and Hospital. 

Lone Istasp RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Gelband. Meets second Tuesday of 
ie month in February, April, June, October and Decem- 

er. 

Los Angers Rapro.ocica Society 
Secretary, Dr. Norman Zheutlin, 8720 Beverly Blvd., 
Los Angeles, Calif. Meets second Wednesday of month in 
September, November, January, April and June at Los 
Angeles County Medical Assoctation Building, Los 
Angeles, Calif, 

Louistana- Texas Gurr Coast RADIOLOGICAL SOCIETY 
Secretary~Treasurer, Dr. Edward A. Sheldon, tog Doctors 
Bidg., Beaumont, Texas 77701. 

Marne RADIOLOGICAL Society 
Secretary, Dr. J. T. Chen, 7 Cherry Hill Terrace, Water- 
t Me. Meets in June, September, December and 
Apri 

Maryanne RADIOLOGICAL SOCIETY 
Secretary, Dr. Henry Startzman, Medical Arts Building, 
Baltimore, Md. 

MEMPHIS RoeENTGEN SOCIETY 
Secretary- Treasurer, Dr. Vernon L. Smith, Jr., Suite 203, 
1085 Madison Ave,, Memphis, Tenn. 38104. Meets first 
Monday-of each month at John Gaston Hospital. 

Miami VasLey RADIOLOGICAL SOCIETY 
Secretary, Dr. Darwood B. Hance, Reid Memorial Hos. 
pital, Richmond, Indiana. Meets third Thursday of fall, 
winter and spring months at 7:30 p.m. at Miami Valley 
Hospital, Dayton, Ohio. 

Mip-Hupsen RaproLoaicaL Society 
Secretary-Treasurer, Dr. Herbert S. Berlin, Hopewell 
Junctiom, N. Y. Meets 7100 P.M., first Wednesday of each 
month, September to May. 

Mitwauke® Roenroen Ray Society 
Secretary-Treasurer, Dr. Donald P. Babbitt, 1700 W. 
Wisconsin Ave., Milwaukee, Wis. 53233. Meets monthly 
on fourth Monday, October through May, at University 
Club, 

Minnesota RADIOLOGICAL Sociery 
Secretary- Treasurer, Dr. Edward A, Peterson, 572 Lowry 
Medical Arts Bldg., St. Paul, Minn. Meets twice annu- 
ally, fall and winter. 

Mississippi RADIOLOGICAL SOCIETY 
Secretary- Treasurer, Dr. Dan T. Keel, Jr., 504 Chippewa 
St, Brookhaven, Miss. Meets third Thursday of each 
month at the Heidelberg Hotel, Jackson, at 6:00 P.M. 

Missourr RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. M. Shoss, Cape Girardeau, Mo. 

MONTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. Clark Grimm, Great Falls, Montana, 
Meets at least once a year. 

NEBRASKA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Richard Bunting, The Radiologic Center, 
Nebraska Methodist Hospital, Omaha 31, Neb. Meets 
third Wednesday of each month at 6 p.m. in Omaha or 
Lincoln. 

Nevapa RADIOLOGICAL SOCIETY 
Secretary, Dr. William G. Arbonies, Department of 
Radiology, St. Mary's Hospital, Reno, Nev. 
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New Encianp Roentcen Ray Society 
Secretary, Dr. Jack R. Dreyfuss, Zero Emerson Place, 
Boston, Mass. 02114. Meets third Friday of each month, 
October through May, at The Longwood Towers, 20 
Chapel Street, Brookline, Mass., at 4330 P.M. 

New Hampsnire Roentcen Ray Society 
Secretary, Dr. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly. 

New Mexico AssociaTION OF RADIOLOGISTS 
Secretary-Treasurer, Dr. Justin J. Wolfson, Department 
of Radiology, Bernalillo County-Indian Hospital, 
Albuquerque, New Mexico. 

New Mexico Society or RADIOLOGISTS 
Secretary, Dr. William G. McPheron, Hobbs, New 
Mexico. Four meetings annually, three held in Albuquer- 
que, N. M., and one held at time and place of New 
Mexico State Medical Society annual meeting. 

New York Roentcen Socrery 
Secretary, Dr. Arnold L. Bachman, Francis Delafield 
Hosp., 99 Fort Washington Ave., New York, N. Y. 
10032. Meets monthly on third Monday at the New York 
Academy of Medicine at 4:30 P.M. Annual Spring 
Meeting: Waldorf Astoria Hotel, N. Y., April 27~29, 1967. 

Norru Caro.ina RADIOLOGICAL SOCIETY 
Secretary, Dr. E. H. Schultz, North Carolina Memorial 
Hospital, Chapel Hill, N. C. Meets in the spring and fall 
each year. 

NortH Dakota RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert J. Olson, 1240 8th Ave., Williston, 
N. D. Meets at time of State Medical Association meet- 
ing. Other meetings arranged on call of the President. 

Nortu Froripa RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles H. Newell, 800 Miami Road, 
Jacksonville 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL Society 
Secretary, Dr. Anthony J. Tabacco, 621 Central Ave., 
Albany 6, N. Y. Meets in Albany area on second Wednes- 
day of October, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. John Turner, 1215-28th St., 
Sacramento, Calif. Meets fourth Monday of Sept., Nov., 
Jan., March and May at the Sutter Club in Saeramento. 

NORTHWESTERN Onto RADIOLOGICAL SOCIETY 
Seeretary, Dr. Vito J. Zupa, Mercy Hospital, Department 
of Radiology, Toledo, Ohio. 

Ogio State RADIOLOGICAL Society 
Secretary, Dr. Mortimer Lubert, Mt. Sinai Hospital, 
Cleveland, Ohio, Annual meeting to be announced. 

OKLAHOMA STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert Sukman, 1200 N, Walker, Okla- 
noma City, Okla. Meets in January, May and-October. 

Orange County RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Logan, 301 Newport Blvd., 
Newport Beach, Calif. Meets fourth Tuesday of every 
month at Orange County Medical Association Building. 

OreGon RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Irving J. Horowitz, 2311 N.W, 
Northrup Str., Portland, Ore. 97210. Meets on second 
Wednesday of month, October through April, at the 
University Club, Portland, Ore. 

Orveans PARISH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month, 

Peciric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Willis Taylor, 1118 eth Ave., 
Seattle, Washington. Annual meeting to be announced. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. T. Frederick Weiland, 619 Ridgeway 
Ave., Grove City, Pa. Annual meeting to be announced. 

PEILADELPHIA Roentcen Ray Society 
Secretary, Dr. C. Jules Rominger, Misericordia Hospital, 
z4th St. and Cedar Ave., Philadelphia, Pa. 19143. Meets 
arst Thursday of each month at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Robert N. Berk, gioco Babcock Blvd., 
Pittsburgh, Pa. 15237. Meets second Wednesday of 
month, October through June, at Park Schenley Res- 
raurant. 
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RADIOLOGICAL SOCIETY or Connecticut, Ine. 
Secretary-Treasurer, Dr. Orlando F. Gabriele, 1450 
Chapel St., New Haven 11, Conn. Meetings are held 
quarterly, 

RADIOLOGICAL Society oF GREATER CINCINNATI 
Secretary, Dr. Harold N. Margolin, 6159 Tulane Road, 
Cincinnati, Ohio. Meets first Monday of each month at 
Cincinnati Academy of Medicine. 

RaproLoGIcaL Society oF GREATER Kansas City 
Seeretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL SOCIETY OF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kansas 
City,.Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY or LOUISIANA 
Secretary, Dr. Lester W. Eavenson, 2700 Napoleon Ave., 
New Orleans 15, La. Meets semiannually, during Loul- 
siana State Medical Society meeting and 6 months later. 

RADIOLOGICAL SOCIETY OF NEW JERSEY 
Secretary, Dr. John W. Marquis, 12 Hawthorne Ave., 
East Orange, N. J. Meets in Atlantic City at time of 
State Medical Society meeting and in October or Novem- 
ber in Newark, N. J. 

RADIOLOGICAL SOCIETY oF RHODE ÍSLAND 
Secretary-Treasurer, Dr. John M. Vesey, 1196 Elmwood 
Ave., Cranston, R. L 

RADIOLOGICAL SOCIETY OF SourtH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary-Treasurer, Dr. Gerald M. McDonnel, U.C.L.A. 
Medical Center for Health Sciences, Los Angeles, Calif. 
90024. Meets three times a year, usually October, Febru- 
ary and May, 

RADIOLOGICAL SOCIETY oF THE STATE oF New York 
Seeretary-Treasurer, Dr. John W. Colgan, 273 Hollywood 
Ave., Rochester 18, N. Y. 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr, Lee F. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

Ricnmonb County RADIOLOGICAL SOCIETY 
Secretary, Dr. W. FE. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals, 

Rocngesrer RoentGen Ray Socretry, Rocnesrter, N. Y. 
Secretary, Dr. Irving B. Joffe, Rochester General Hos- 
pital, 1425 Portland Ave., Rochester 21, N. Y. Meets at 
3:15 p.M. on the last Monday of each month, September 
through May, at Strong Memorial Hospital. 

Rocky Mounrain RADIOLOGICAL Society 
Secretary-Treasurer, Dr. Robert W. Lackey, 4200 E. 
Ninth Ave., Denver, Colo. Annual meeting to be an- 
aounced, 

San Antonto-MILitaRY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugho F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Tex. Meets third Wednesday of 
each month in Fort Sam Houston Officer’s Club at 6:30 
PM. 

San Dieco RapnioLocicaL Society 
President-Secretary, Charles P. Hyslop, 790r Frost St., 
San Diego 22, Calif. Meets first Wednesday of each 
month at the University Club. 

San Francisco RADIOLOGICAL SOCIETY 
Secretary, Dr. H. Joachim Burhenne, Children’s Hospital 
and Adult Medical Center, 3700 California St., San Fran- 
eisco, Calif. 94119. Meets quarterly at the San Francisco 
Medical Society, 250 Masonic Ave., San Francisco, 
Calif. 94118. 

Santa Ciara Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Bill G. Karras. Meets monthly at the 
Santa Clara County Medical Association Bldg., 700 
Empey Way, San Jose, Calif. 

Sectiowon Rapiotocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Rapiotocy, Mepican Society or THE Dis- 
TRICT OF COLUMBIA 
Secretary-Treasurer, Dr. Gregory T. Henesy, 91s 19th St., 
N. W., Washington, D. C. 20006. Meets at Medical Soci- 
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ety Library, third Wednesday of January, March, May 
and October at 8:00 P.M. ; 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL AssociaTIoNn 
Secretary, Dr. Andrew F. Giesen, Jr., White-Wilson 
Clinic, Fort Walton Beach, Fla. 

Secrion oN RapioLoay, Texas MEDICAL AssociaTION 
Secretary, Dr. George F. Crawford, St. Elizabeth Hospi- 
tal, Beaumont, Tex. Meets annually with the Texas 
Medical Association. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, Dr. W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday at 7:30 P., 
September to May inclusive. 

SOcIETY For Peprarric RADIOLOGY 
Secretary, Dr. John L. Gwinn, Children’s Hospital, 4614 
Sunset Blvd., Los Angeles 27, Calif. Annual meeting: 
Ping oi Hilton Hotel, Waskington, D. C., Sept. 25, 
1967. 

Society or NucLEAR MEDICINE 
Secretary, Mr. C. Craig Harris, Oak Ridge National 
Laboratories, Oak Ridge, Tenn. Administrator, Mr. 
Samuel N. Turiel, 430 N. Michigan Ave., Chicago 11, IIL 
Annual meeting to be announced. 

SouTH Bay RADIOLOGICAL SOCIETY 
Secretary, Northern Section: Dr. John H. Callaghan, 
2900 Whipple Ave., Redwood City, Calif.; Southern Sec- 
tion: Dr. eton J. Wright, sors Clarman Way, San 
Jose, Calif. Meets second Wednesday of each month. 

SOUTH oe PADURA SOCIETY «06 G i 
Secretary, Dr. rge W. Brunson, I E, 
Columbia, S. C. Annual meeting (primarily ee 
in conjunction with the South Carolina Medical Assocta- 
tion meeting in May. Annual rall scientific meeting at 
time and place designated by the president. 

SourH Daxota RADIOLOGICAL SOCIETY ` 


Seer: Dr. Donald J. Peik, 1417 S. Minnesota Ave. 
Sioux Falls, S. Dak. Meets in spring with State Medical 
Society and in fall. 


SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary-Treasurer, Dr. Marshall Eskridge, Mobile In- 
firmary, P.O. Box 4097, Mobile, Ala. Annual meeting to 
be announced. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Sardan, John M. McGuire, ga4 Chelsea, El Paso, 
Tex. Meets last Monday of each month at 6:30 P.M, in 
the Paso del Norte Hotel. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. E. K. Carter, Holston Valley 
Community Hosp., Ki rt, Tenn. Meets annually at 
the time and place of the Tennessee State Medical Asso- 
ciation meeting. 

Texas RADIOLOGICAL SOCIETY 
Secretary, Dr. Herman C., Sehested, 815 Medical Arts 
Bidg., Fort Worth 2, Tex. Annual meeting to be an- 
nounced. 

TRI-STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. John H. Marchand, Jr., Methodist Hos- 

ital, Henderson, Ky. Meets thi ednesday of Oct, 
an., March and May, 8:00 r.m., Elks Club in Evans- 
ville, Ind. ; 

Universrry or MICHIGAN DEPARTMENT oF ROENTGEN- 
OLOGY STAFF MEETING 
Meets each Monday evening from September tod une, at 
7:00 P.M. at University Hospital, Ann Arbor, Mich. 

Uppgrr PENINSULA RADIOLOGICAL SOCIETY - 

Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
qu y. 

Uras Strats RADIOLOGICAL SOCIETY 

Secretary, Dr. Carlisle C, Smith, Salt Lake General Hos- 

ital, S. State St., Salt Lake City, Utah. Meets 
ourth ednesday in January, March, May, September 
and November at Holy Cross Hospital. 

Vermont Rapro.oaicaL Socrery ` 


Secretary, Dr. John R. Williams, 160 Allen St., Rutland, 
t 


VIRGINIA RADIOLOGICAL SOCIETY ` 
tig Ce Dr. John M. Ratliff, Mary Immaculate Hos- 
pital, Newport News, Va. 

WASHINGTON STATE RADIOLOGICAL SOCIETY 


Saen Dr. Owen Marten, 930 Terry Ayenue, Seattie, 
Wash. Meets quarterly. ' 
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ecretary, Dr. George G. n, Mo town, W. V. 

Meets concurrently with Annual T of West Vir- 
ginia State Medical Society; other meetings arranged by 
program committee. 

WESTCHESTER Country RADIOLOGICAL SOCIETY 
Secretary, Dr. Arnold Gerson, Medical Arts Bldg., Mt. 
Vernon, N. Y. Meets on third Tuesday of January and 
October and on two other dates. 

Wisconsin RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Harold F. Ibach, 2400 W. Villard 
Ave., Milwaukee, Wis. 53209. Meets twice a year, May 
and September. 

Wyoming RaDio.oaicaL Society 
Secretary, Dr. Ronald R. Lund, TA W. oth St., Casper, 
Wyo. Meets in fall with State Medical Society and in 
spring on call of President. 


Cusa, Mexico, Puerro Rico AND CENTRAL AMERICA 

Asociaci6n DE RaDIŐÓLOGOS DE CENTRO AMERICA Y 
PanamA. Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panamá, 
Secretary-General, Dr. Roberto Calderón; Calle Central 
Oeste No. 218, Managua, Nicaragua, Central America. 
Meets annually in a rotating manner in the six countries. 

SocpaDn DE RapioLoefa De EL SALVADOR 
Secretary, Dr. Julio Astacio, 5a Av. Nte, No. 434, San 
Salvador. 

SOCIEDAD DE RADIOLOGÍA DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9%. Calle A 0-05, Zona 1, 
Guatemala. 

SociepaD DE RaproLoafa y Fistorgrapfa CUBANA 
Secretary, Dr. Miguel A, García Plasencia, Hospital 
Curie, 29 y F, Vedado, Habana, Cuba. Meets monthly at 
Curie Hospi 

SocIEDAD COSTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado vin, 
San José, Costa Rice. 

SocrepaD Mexicana DE RapioLocfa, A.C. 

Coahuila No. 35, México 7, D. F. 
Secretary-General, Dr. Armando L. Rodriguez 
Mere kai Monday of each month. 

AsociacitOn PUERTORRIQUEÑA DE Rapio.ocfa 
Se , Dr. R. B. Díaz Bonnet, Suite so4, Professional 
Bldg., Santurce, Puerto Rico. 

Socrgpap Rapiorécica PANAMEÑA 
Secretary, Dr. La Arrieta Sánchez, Apartado No. 6323 
Panami R. de P. Meets monthly in a department of 
radiology of a local hospital chosen at preceding meeting. 

SOCIEDAD IOLÓGICA DE Pugrro Rico 
Secretary, De osé T. Medina, Apt. 2387 Santurce, 
Puerto Rico. Meets second Thursday o each month at 
8:00 p.m. at the Puerto Rico Medical Association Bldg. in 


San Juan. 


Brrrise COMMONWEALTH or Nations 
Association OF RADIOLOGISTS or THE PROVINCE or ae 
Secretary, Dr. R. Robillard, Notre-Dame Hospital, 1560 
Sherbrooke St., East, Montreal, Que., Canada. Meets 
four times a year. 
Bririsa Insrrrurs or RADIOLOGY 


Honorary Secretary, Dr. G. H. du Boulay, 32 Welbeck St., 
London, W. 1, and. Meets monthly October 
untl May. Annual meeting: Central Hall and Caxton 


Hall, Westminster, London, S. W. 1., England, April 
26-28, 1967. 
CANADIAN Association or Puysicisrs, Drvision or 
MEDICAL AND BioLoGicaL Paysics. 
Honorery Se -Treasurer, Paul M. Pfalzner, Dept. of 
Therapeutic Radiology, University of Western Ontario, 
London, Ont., Canada. Annual meeting to be announced, 
Epwonton axD Disraicr Rapio.oarcar Socrery 


AY , Dr. B. V. Evans, tos Northgate Bidg., Al- 
berta, ada. Meets second Tuesday of each month in 
various Edmonton Hospitals, 
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onorary Secretary, Dr. J. N. Pattinson, 47 Lincoln’s 

Fields, London, W.C.2, England. Annual meeting 
Guy’s aie cs oaea Tene 23-24, 1967. 

FacuLty oF roLocisTs, Roya. COLLEGE or Surcrons 
Re ice Di H. O'Flanagan, FVR.C.P.L, D.P.H. 
Registrar, Dr. ; L, D. 123 
St. Stephens Green, Dublin 2, Ireland. ? i 


pon . 
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Secrion or RapioLocy or tHE Roya. Socrery cr MEDI- 
CINE (Conrinep To Mepicat MEMBERS) 
Meets third Friday each month at 4245 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London, W. 1, Eng- 
land. 

CASADIAN ASSOCIATION OF RADIOLOGISTS 
Konorary Secretary-Treasurer, Dr. Maurice Dufresne, 
Associate Honorary Secretary-Treasurer, Dr. F. Robert 
XlacDonalid, 1555 Summerhill Ave., Montreal 25, Que., 


Canada. Annual meeting to be announced. 

MonxtrEAL RaproLosicaL Stupy CLUB 
Secretary, Dr. Leonard Rosenthall, Montreal General 
Hospital, Montreal, Que., Canada. Meets first Tuesday 
evening, October to April. 

Secrion or RapioLtocy, CANADIAN MEDICAL ASSOCIATION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

Sociéré CANADIENNE-FRANCAISE DE RADIOLOGIE 
Secretary General, Dr. Jacques Lespérance, 6445" Boul. 
L’ Assomption, Montreal 26, P. Q., Canada. Meets every 
third Tuesday from October to April. Annual meeting: 
Dec. 8-10, 1966. 

Toronto RADIOLOGICAL SOCIETY 
Secretary, Dr. George Wortzman, Toronto General Hosp., 
Toronto 12, Ont., Canada. Meets second Monday of 
each month, September through May. 

COLLEGE or RADIOLOGISTS oF AUSTRALASIA 
Honorary Secretary, Dr. T. P. Loneragan, c/o British 
Medical Agency, 133 Macquarie St, Sydney, N.S.W., 


? 
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SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RapIoLocia 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdoba, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaħños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second and fourth Fridays at 7:00 P.M. in the Hospital 
Nacional de Centenario, Santa Fe 1300, Rosario. 

CoréGcio BRASILEIRO DE RADIOLOGIA 
Secretary-General, Dr. Miguel Mano Céntola, Caixa 
Postal sg84, Sdo Paulo, Brazil. 

SOCIEDAD ARGENTINA DE RADIOLOGIA 
Szcretary-General, Dr, Oswaldo E. Zerbo, Santa Fe 1171, 
Buenos Aires. Meetings are held monthly. 

SoctepaD BOLIVIANA DE RADIOLOGÍA 
Secretary, Dr. Héctor Fernandez Ferrufino, Casnla 1192, 
La Paz, Bolivia. Meets monthly. General assembly once 
every two years. 

SoceDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil, General Assembly meets every two years 
in December. 

SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Laiz Antonio, 644, S40 Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 p.m. In São Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SoceDAD CHILENA DE RADIOLOGÍA 
Sveretary, Dr. Patricio Barriga, Casilla 13426, Santiago, 
Chile. Meets fourth Friday of each month. 

Soc:EDAD COLOMBIANA DE RADIOLOGIA 
Secretary-General, Dr. Armando Uribe, Hospital Militar 
Central, Apartado aéreo No. s804, Bogota, Colombia. 
Meets last Thursday of each month. 

Soc:EDAD EcuarorianaA DE Rapio.tocia Y FISIOTERAPÍA 
Secretary, Dr. Luis Blum, P.O. Box 3712, Guayaquil, 
Ecuador. 

SOCIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 de Agosto 
z2, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Sscretary-General, Dr. Augusto Caceres G. Meets 
monthly except during January, February and March, at 
Asoctacién Médica Peruana “Daniel A. Carrión,” Villalta 
248, Lima. 

SOCIEDAD DE RADIOLOGICA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
qailla, Colombia, Society meets monthly at the Instituto 
de Radiologia. 
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Sociepap pe Rapiotocfa, CanceroLocfa y Fisica 
Meépica DEL URUGUAY 
Secretary-General, Dr, Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

Sociepap pe Rapio.ocia DE Er SALVADOR 
Secretary, Dr. Julio Astacio, sa Av. Nte. No. 434, San 
Salvador, Rep. El Salvador. 

SociEDABE DE RADIOLOGÍA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal sos, Pernambuco, Brazil. 

Socrepap pe Roenrceno.tocia y Mepicina NUCLEAR DE 
LA Provincia DE CÓRDOBA 
Secretary-General, Dr. Lucas C. Di Rienzo, Ave, Gri. 
Paz. 1:1, Cordoba, Argentina. 

Sociepar VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Luts F. Muro, Apartado No. 9362 
Candelaria, Caracas, Venezuela. Meets monthly, third 
Friday at Colegio Médico del Distrito Federal, Caracas, 


CONTINENTAL EUROPE 


OstERRE:CHISCHE RONTGEN-GESELLSCHAFT 
Fresident, Dr. Konrad Weiss, Mariannengasse 10, Vienna 
9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. Annual meeting to be announced. 

SocigTE BELGE DE RADIOLOGIE 
Genera’ Secretary, Prof. Simon Masy, Louvain, Belgium. 
Meets in February, March, May, June, September, 
Cctober, November and December. 

SocrEreE EUROPÉENNE DE RADIOLOGIE PÉDIATRIQUE 
Fermanent Secretary, Dr. Jaques Sauvegrain, Hôpital des 
Enfants-Malades, 149, rue de Sèvres, Paris 15e, France. 
Genera’ Secretary, Dr. H. Ludin, Department of Roent- 
genology, Basler Kinderspital, Basel, Switzerland. An- 
nual Meeting: Basel, Switzerland, April 13-17, 1967. 

Sociéré Francatse D ELECTRORADIOLOGIE MÉDICALE, 
and its branches: Sociéré pu Sup-Ovest, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYONNAIS, DU 
NORD, DE L’Ovest, DE L’Est, ET D’ALGER ET D'AFRIQUE 
pu Noap. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris, France. 

Stcretary-General, Dr. Ch. Proux, g rue Daru, Paris 8°, 
France: 

CeskosLevenskA Sporetnost pro RoENTGENOLOGH A 
RADIOROGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova so, 
Czechoslovakia. Meets monthly except during July, 
August and September. Annual general meeting. 

DeurscHe RONTGENGESELLSCHAFT 
Secretary, Professor Dr. med. H. Lossen, Universitats. 
Réntgeninstitut, Lagenbeckstr. 1, Mainz, Germany. 

SocietA !raLiana DI Rapro.tocia MEDICA E DI MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, 
Torino, Italy. Meets annually. 

NEDERLANDSE VERENIGING VOOR RADIOLOGIE 
Secretary, Dr. H. F. O. Stricker, Schalklaar, Netherlands. 

SCANDINAVIAN ASSOCIATION FOR MeEpicaL RapioLocY 
Secretary-General, Dr. C-E. Unnérus, Hagalund-Tapiola, 
Havsviadsvagen ¢ C., Finland. Annual meeting: Umea, 
Sweden, 1967; Copenhagen, Denmark, 1968. 

Socrepap EspaNota pe Rapiotocfa y Evecrro.ocia 
Meépicas Y MEDICINA NUCLEAR 
Secretary, Juan Gomez Lopez, Villanueva, 11, Madrid 1. 
Meets every second Friday of each month, Oct. to June, 
inclusive, in Madrid. Annual general meeting to be 
announced, 

SCHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SocrÉré Suisse DE RADIOLOGIE ET 
DE Mépecine NUCLÉAIRE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzer.and. 


ASIA 


Inpian RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 

Inponesian RADIOLOGICAL SOCIETY 
Secretary, Professor Sjahriar Rasad, Taman Tjut Mutiah 
1, Diakarta, Indonesia. 
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ABSTRACTS OF RADIOLOGICAL 
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INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 
HEAD 


MecRar, D. L., and Maxow, M.: Horizontal 
laminography of the head with ultra-sound . 
Akerman, M., and Guiot, G.: The diagnosis 
of intracranial space-occupying lesions by 
association of gamma-encephalography and 
echo-encephalography.. 20.0 0.000.00000.... 
Posnikorr, J., and Sarcent, E. N.: Multiple 
bilateral intracranial intracavernous and 
intradural carotid aneurysms: a compendium 
of classical findings-—-case report......... 


NECK AND CHEST 


Kecer K. J., Grancer, D. P., and Souru- 
wick, W. O.: Vertebral artery insufficiency 


secondary to trauma and osteoarthritis of 


the cervical spine. oa.n uaaa aoaaa aaa 
DE VILLIERS, J. C.: A brachiocephalic vascular 
syndrome associated with cervical rib... .. 
Fevson, B.: Disseminated interstitial diseases 
of the lung.........2 0.45. E EEE, 


Dees, S. C., and Spock, A.: Right middle lobe 
syndrome in children...............0.05. 
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ROENTGEN DIAGNOSIS 
HEAD 


McRarg, D. L., and Maxow, M. Horizontal 
laminography of the head with ultra-sound. 
J. Canad. A. Radiologists, June, 1966, 77, 
75-80. (From: Department of Radiology, 
Montreal Neurological Institute, Montreal, 
Quebec, and National Research Council, 
Division of Applied Physics, Ottawa, On- 
tario, Canada.) 


The usefulness of laminagraphy in diagnostic 
radiology is widely accepted. This principle of con- 
trolled plane scanning has been adapted to the newer 
technique of ultrasound cerebral scanning, and initial 
clinical trials in both normal and abnormal patients 
are reported. 

The technique requires immersion of that hori- 
zontal plane of the skull to be scanned in water. A 
transducer then scans the head by traveling about 
the circumference of the immersion bath. The plane 
of interest may be selected or changed at will. 

Thirty-three patients have been evaluated by 
using this technique. Control studies were performed 
on the same patients using cerebral arteriography 
and/or pneumoencephalography. In 21 of these no 
organic pathology was detected. Ultrasound lami- 
nagraphy correctly located the third ventricle in 15 
of these patients and incorrectly located it in 3. In 6, 
the lateral ventricles were accurately defined, and, 
in addition, the brain stem and insula were located 
spatially in several patients. Twelve of the patients 
were found to have gross abnormalities of the brain 
including tumors, postoperative defects, atrophy, 
and Wernicke’s encephalopathy. These patients had 
14 scans; 13 revealed the third ventricle and in g it 
was correctly located. 

The technique, however, failed to detect a brain 
abscess, a subdural collection of fluid, and a calcified 
aneurysm.--Frederick R. Cushing, M.D. 


ÅKERMAN, M., and Gutor, G. Le diagnostic des 
processus expansifs intra-craniens par las- 
sociation de la gamma et de l’écho-encépha- 
lographie (étude statistique de 650 cas). (The 
diagnosis of intracranial space-occupying 
lesions by association of gamma-encephalog- 
raphy and echo-encephalography.) Ann. de 
radiol., 1965, £, 851-879. (From: Unité de 
Recherches de Neurophysiologie chirurgicale 
I.N.S.E.R.M., Service de Neuro-chirurgie et 
Laboratoire des Isotopes de  Hépital Foch, 
Suresnes, France.) 

The value of gamma-encephalography is already 
well known. It is interesting to note that the authors 
report results nearly as favorable for the lesions of the 
posterior fossa as for the supratentorial lesions. 
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The results of echo-encephalography depend es- 
sentially on the location of mass lesions and is, there- 
fore, more efficacious in lesions of the cerebral hem:- 
spheres. This method has the advantage of simplicity 
and repetitivity with which it may be applied to 
cases of extreme urgency. 

When both studies are performed, echo-en- 
cephalography reinforces the opinion of a unilateral 
lesion which may have been diagnosed by gamma- 
encephalography. Also, it permits the discovery of 
displacements which may escape gamma-encepha- 
lography, and may aid in interpreting certain areas of 
hyperactivity which are not caused by tumors. Ex- 
amples include postoperative softening or scar forma- 
tion.~-Charles M. Nice, Fra M.D., PAD. 


POSNIKOFF, Jack, and Sarcent, E. NICHOLAS. 
Multiple bilateral intracranial intracavernous 
and intradural carotid aneurysms: a com- 
pendium of classical findings—-case report. 
Bull. Los Angeles Neurologic. Soc, Apri, 
1966, 37, 51-62. (From: Department ct 
Neurosurgery, and Radiology Services, 
Orange County General Hospital, Orange, 
Calif.) 

A classic case of bilateral intracramial carotid an- 
eurysms in a 77 year old woman is reported. The 
plain roentgenologic findings included a curvilinear 
calcification well above the left side of the sella 
turcica, enlargement of the entire sella with a sharp 
double contour to the floor, demineralization and 
erosion of the dorsum sallae, and loss of the posterior 
clinoid processes. Both anterior clinoids were also 
eroded. The patient’s primary clinical symptoms 
were relative to a right corneal ulceration following 
loss of vision in that eye. She was a controlled hyper- 
tensive patient for 8 years. 

Angiography demonstrated bilateral saccular in- 
tracavernous, extradural, parasellar aneurysms. 
These were surmounted by intradural, supraclinoid, 
carotid aneurysmal dilatations. In this case, the com- 
plete loss of the dorsum sellae was differentiated from 
the physiologic senile demineralization in which the 
cortical outline remnant is usually preserved. 
Atrophy of the homolateral optic foramen can occur, 
and enlargement of the foramen lacerum may be seen 
in the basilar views. Large aneurysms can cause 
destruction of the floor of the middle fossa and 
changes in the superior orbital fissure.—Arch H. 
Hall, M.D. 

NECK AND CHEST 

Kecor, Krisraps fJ., GRANGER, Donatp P., 
and Sourawick, Wayne ©, Vertebral artery 
insufficiency secondary to trauma and osteo- 
arthritis of the cervical spine. Yale J. Biol. & 
Med., April, 1966, 38, 471-478. (From: 
Department of Surgery, Section of Orthe- 
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pedic Surgery, Yale University School of 
Medicine, and the West Haven Veterans 
Administration Hospital, New Haven, 


Conn.) 


Obstruction of the vertebral arteries can lead to 
sedden death, extensive spinal cord destruction, 1n- 
sufficiency of the brain stem, impairec cerebellar 
function, damage to the occipital cortex and may be 
responsible for certain forms of cerebral palsy. 

A case of post-traumatic vertebral artery insuf- 
ficiency is reported in which the diagnosis was not 
made until approximately 1 year after the original 
trauma. Vascular studies showed compression of the 
let vertebral artery by an osteophyte, while the 
artery on the right side was completely tarombosed. 
Surgical decompression and anterior interbody fusion 
geye the patient almost complete reljef from 
symptoms. 

It is wise to bear in mind the possibility of verte- 
beal artery occlusion or thrombosis in any case of 
cervical trauma. One should even be mere alert for 
the condition if there are complicating factors of 
arteriosclerosis, hypertrophic — osteoarthropathy, 
severe muscle spasm, tumors, or congenital an- 
omahies. 

In the case reported, subluxation, muscle spasm, 
ard associated soft tissue trauma apparently caused 
the right vertebral artery thrombosis. The gradual 
pest-traumatic osteophyte formation subsequently 
in.paired blood flow in the remaining lert vertebral 
artery which necessitated surgical intervention.~~ 


Ach H. Hall, M.D. 





p= Viruiers, J. C. A brachiocephalic vascular 
syndrome associated with cervical rib. Brr. 

M. J, July 16, 1966, 2, 140-143. (Address: 

Department of Neurosurgery, Pennsylvania 

Hospital, Philadelphia, Pa.) 

The author presents a case of cerebral hemiplegia 
ceused by emboli arising from a thrombus in the 
right subclavian artery incident to vascular occlusion 
from a cervical rib. This is an extremely rare condi- 
tion and only 8 other cases have been reported in the 
world laterature. Symonds in 1927 first deseribed the 
p.thoplhysiology of this lesion. He suggested that a 
maral thrombus occurred in the subclavian artery as 
a result of local damage by the cervical rib. This 
thrombus extended backward to the point of 
junction with the right common carotid artery. A 
portion of the thrombus could then break off into the 
cemmon carotid artery. The condition can only occur 
or the right side, because only on the right do the 
st belavian and carotid arteries have a common origin 
from the innominate artery. 

The present case did not show evidence of such a 
massive thrombosis. No more than a small friable 
clot was found in the subclavian artery distal to the 
cervical rib. The author suggests that with certain 
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positions of the arm in the presence of a cervical rib, 
probably only tolerated during sleep, a complete 
occlusion of the subclavian artery could occur. 
Marked turbulence might then ensue in the proxi- 
mal part of the vessel giving rise to small emboli, 

In all cases of this condition previously described, 
symptoms of vascular insufficiency in the right arm 
preceded the cerebrovascular accident by a period 
varying from 3 months to 10 years. 

The author concludes with a plea for early surgical 
treatment of the vascular changes often associated 
with cervical ribs in an effort to prevent the possible 
cerebral complications.-- Kenneth M. Nowicki, M.D. 


Ferson, Benjamin. Disseminated interstitial 
diseases of the lung. Ann. de radio/., 1966, 9, 
326-345. (From: University of Cincinnati 
College of Medicine and Medical Center, and 
Cineinnati Veterans Administration Hospi- 
tal, Cincinnati, Ohio.) 

The author discusses in depth the pathophysiology 
and radiographic features of the myriad of disease en- 
tities that are known to cause diffuse interstitial 
fibrosis of the lung. He begins by pointing out that 
many patients with severe respiratory symptoms 
who are proven to have the microscopic findings of an 


extensive interstitial disorder have normal chest 
roentgenograms. This is because the individual 


nodules or infiltrates are so small or ill-defined that 
their detectability falls below the level of resolution 
of the roentgen method. Many interstitial diseases, 
such as viral pneumonia and interstitial edema, do 
become evident, however, because of the rapid ex- 
tension of the process into the alveolar spaces. In- 
terstitial disease usually takes at least a week after 
the onset of symptoms, and sometimes longer, to 
become visible on standard chest roentgenograms. 
The fine nodular lesions of interstitial granulomatosis 
usually become visible only after they have reached 


2~3 mm. in diameter. Miliary shadows actually rep- 
resent summation images of superimposed nodules. 
Alveolar lesions may be nodular but are never as 
small or discrete as interstitial nodules. They usually 
measure over o.§ cm. in diameter and tend to co- 
alesce. The interstitial nodules of hematogenous 
metastases vary in size, are sharper, more rounded, 
less numerous than granulomatous nodules and 
hardly ever coalesce. 

Another type of interstitial involvement is in- 
terstitial edema. Here the chest roentgenogram may 
be normal or show transient Kerley’s A and C lines, 
which represent dilated lymphatic vessels, as opposed 
to B lines which represent swelling of the interlobular 
septa. Once pulmonary densities are seen, the edema 
is already predominantly alveolar. 

One of the characteristic features of interstitial 
fibrosis is “honeycombing.” This is due to an ob- 
structive emphysema of the affected portion of the 
lung. Air is forced into this area via the valve-lke 
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mechanism at the pores of Kohn in the adjacent 
normally ventilated alveoli. These air filled sacs have 
a diameter of from 1-10 mm., with the smaller sizes 
predominating. A patchy distribution is the most 
commonly seen type. The author believes that this ts 
the only dependable sign of interstitial fibrosis. 

A discussion of “honeycombing”’ and the disease 
entities causing diffuse interstitial fibrosis produced 
the following points of interest: Spontaneous pneu- 
mothorax was found to be a common feature of in- 
terstitial fibrosis, particularly in the presence of 
“honeycombing.” Also, “honeycombing” may be in- 
distinguishable from the nodulation of interstitial 
granulomatosis or cystic bronchiectasis. It is far 
easier to differentiate “honeycombing” from radio- 
lucencies occasionally seen in alveolar infiltration, or 
the small cavities visible in pulmonary infiltrates 
associated with tuberculosis or fungus disease. 
Among the disease states capable of causing diffuse 
interstitial pulmonary fibrosis, the author lists the 
idiopathic form (Hamman-Rich syndrome); sarcoid- 
osis; histiocytosis X, particularly eosinophilic 
granuloma; scleroderma; rheumatoid arthritis; pneu- 
moconiosis; and chronic lipoid pneumonia. Tuberous 
sclerosis and muscular cirrhosis of the lungs give a 
roentgen picture similar to that of diffuse interstitial 
fibrosis; however, in these cases the interstitium con- 
sists predominantly of smooth muscle. In the new- 
born infant one may observe alike radiographic fea- 
tures caused by congenital adenomatoid malforma- 
tion, a diffuse hamartomatous anomaly which is 
always unilateral, and the pulmonary dysmaturity 
syndrome (Wilson-Mikity disease) which regresses 
spontaneously in 50 per cent of the cases. Various 
rare conditions such as desquamative interstitial 
pneumonia, farmer's lung, inhalation of mercury 
fumes, streptomycin treated tuberculous broncho- 
pneumonia, mucoviscidosis, idiopathic pulmonary 
hemosiderosis, and chronic mitral valve disease are 
also mentioned. 

The author concludes by pointing out that “honey- 
combing” is often a recognizable roentgen feature 
and nearly always indicates interstitial fibrosis. The 
differential diagnosis of the causes of the honeycomb 
lung cannot be based on the radiographic picture 
alone. All available information must be utilized. As 
a general rule, the more frequent possibilities should 
always be considered first. Despite all leads, how- 
ever, pulmonary biopsy is still indicated in most 
situations. 

Twenty roentgenographic reproductions and 7 
photomicrographs are included in this article- 
Kenneth M. Nowicki, M.D. 


Dees, Susan C., and Spock, ALEXANDER. 
Right middle lobe syndrome in children. 
¥.4.M.A., July 4, 1966, 797, 8-14. (From: 
Department of Pediatrics, Duke University 
Medical Center, Durham, N. C.) 


The authors report a series of 30 children with right 
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middle lobe syndrome who had persistent cough and 
intermittent asthma-like wheezing. Recurrent pneu- 
monia or bronchitis localized to the middle lobe were 
constant findings confirmed by roentgenologic ex- 
amination. The symptoms differ in several respects 
from those reported for adults with this problem in 
whom cough, fever, purulent sputum and hemoptysis 
are primary features. 

In this series, the onset of the symptoms was 
always before the age of 6 years and in over half of 
the cases, by 2 years of age. In 21 children, however, 
there was an average lag of 4 years between the 
initial symptoms and the diagnosis. The standard 
laboratory tests were not specific but an elevation of 
the hematocrit was observed in 25 of the 30, 3 were 
found to have dysgammaglobulinemia, and nasal 
eosinophilia was present in 23 of 25 studied. Leuko- 
cytosis and elevated ESR were constant findings. 

All of the children had roentgenographic examina- 
tions including posteroanterior and right latera- 
chest views, In 20 cases, classic atelectasis of the right 
middie lobe was present. The findings in the other to 
were suggestive of atelectasis or infection of the right 
middle lobe with specific features including a blurred 
right heart border in 3 cases, decreased right middle 
lobe volume in 1, increased right middle lobe density 
in 2, and increased bronchovascular markings in 4. In 
this latter group of 10 cases with equivocal findings, 
bronchograms showed some abnormality in all 6 
cases that were studied. Abnormal sinus roentgeno- 
grams were found in Ig of 24 cases studied. 

Bronchoscopy was not as useful as a diagnostic test 
since only 7 of 17 studies showed any endobronchial 
changes, but often was mandatory to rule out foreign 
body, mucus plugs or endobronchial disease. 

The authors feel that the right middle lobe syn- 
drome is frequently seen in allergic children but un- 
recognized as such and the prognosis for recovery and 
the best results from surgery are directly related to 
early diagnosis and treatment. Fames R. Knapp, 


M.D. 


CONSTANTINE, H., DESFORGES, G., and GAENs- 
LER, E. A. Noninfectious necrotizing granulo- 
matosis of the lung: Wegener’s syndrome. 
Med. thorac., 1966, 23, 115-126. (From: 
Thoracic Services, Boston University School 
of Medicine, Boston, Mass.) 


The case of a 40 year old female with noninfectious 
necrotizing granulomatosis of the lung is reported. 
She had along history of arthritis and drug sensitivity 
and presented with signs and symptoms of an upper 
respiratory infection, 

A chest roentgenogram showed a large solitary 
mass in the right upper lobe. A neoplasm was sus- 
pected and a lobectomy was performed. The his- 
tologic examination revealed noninfectious necro- 
tizing granulomatosis. 

Roentgenographic studies of the joints, sinuses and 
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kidneys showed no significant abnormalities. She is 
alive and well 1 year later. 

A review of the literature is presented. Yohn H. 
Harris, M.D. 


FLAVELL, GEOFFREY. Lung abscess. Brit. M. F., 
April 23, 1966, 7, 1032-1036. (Address: 
Surgeon, Department of Thoracic Surgery, 
The London Hospital, London, England.) 


Generally speaking, suppurating cavities in the 
lang require isolation of the specific eticlogic agents 
and aggressive therapy. All patients must be 
bronchoscoped, either for diagnostic or therapeutic 
purposes, but not until the sputum has been ex- 
amined for neoplastic cells. Roentgenologic ex- 
amination, and especially tomography, aid in es- 
tablishing the diagnosis, with periodic re-examina- 
ton necessary to follow the course of the disease. If 
an air fluid level is present within the abscess, it 
communicates with a bronchus. 

Abscesses associated with malignancies represent 
either necrosis and cavitation of a primary squamous 
cell carcinoma, or reflect a pyogenic abscess either 
distal to a partially obstructing neoplasm, or in a 
more dependent segment incident to infected spill- 
over from the neoplasm. In males over so years of 
age, these are by far the most common abscesses. 

Aspiration abscesses usually are associated with 
gross dental sepsis and suppression of the cough re- 
flex. Obstructive disease of the esophagus may also 
result in over-spill and aspiration of food during 
sleep. The possibility of alcoholism must also be 
borne in mind. The site of the abscess in the lung is 
determined by the posture of the patient at the 
moment of inhalation. If he 1s lying on his back, the 
septic debris are more likely to go down the right 
main bronchus, and the first dependent bronchial 
orifice on its floor is that leading to the apical seg- 
ment of the right lower lobe. This, in fact, isthe most 
cemmon location of an aspiration abscess. 

Infected pulmonary emboli and septic emboli 
from a general pyemia also may cause lung abscesses. 
Secondary infections of congenital or acquired lung 
cysts, dermoids, or sequestrated segments are un- 
cemmon causes of lung abscesses, but should be con- 
sidered if cavitation persists in a lung after appro- 
priate treatment. 

Of the specific organisms, Staphylococcus aureus is 
perhaps most common in infancy. This process fre- 
quently extends to the pleural space to preduce an 
empyema. Characteristic peripheral thin-walled 
alscess-sacs rapidly appear, and may coalesce to 
form one large abscess cavity or pseudocyst. Needle 
aspiration of the pus in the pleural cavity is felt to be 
just as effective as tube drainage. Friedlander’s 
bacillus is most common in elderly debilitated sub- 
jects and is characterized by large abscess cavities 
occupying the whole of one lobe and accompanied by 
massive sloughing of the necrotic lung. Actinomyco- 
sis is now rare but is recognized by its disregard for 
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tissue barriers and discharging pus through sinuses 
contaming typical “sulphur granules.” Amebic ab- 
scesses in the lungs are rare. The differential diag- 
nosis of chronic pulmonary cavitation should always 
include tuberculosis. 

Failure of the lung abscess to respond to aggres- 
sive therapy indicates either chronicity, a secondarily 
infected benign structure, or an underlying malig- 
nancy. For any of these, prompt surgical resection is 
indicated.—-Donald M. Monson, M.D. 


Mackenzie, C. J. G. Non-tuberculous chest 
disease found in a mass x-ray survey in Van- 
couver, B. C. Canad. M. A. J., June 11, 
1966, 94, 1257-1261. (From: Department of 
Preventive Medicine, Faculty of Medicine, 
University of British Columbia, Vancouver, 
British Columbia, Canada.) 


The wisdom of continuing chest x-ray surveys has 
been questioned in recent years because of the de- 
cuning incidence of tuberculosis. In Vancouver, B.C., 
rig new cases were detected in a r964 survey of 
219,0co individuals. 

In the same survey, significant non-tuberculous 
chest disease was disclosed in 929 patients, repre- 
senting previously unsuspected disease in about one- 
third ef instances. 

The type of lesion and required follow-up are 
analyzed in some detail; approximately one-quarter 
of the cases falling into an urgent follow-up category 
with lesions such as masses, effusion, aneurysms and 
infiltrates. Thirty-nine cases of bronchogenic carci- 
noma are included. 

The need for a pre-arranged follow-up system is 
emphasized by the failure of 26 per cent of the pa- 
tients, classified as having significant disease, to con- 
tact their physician.—Rosalind H. Troupin, M.D. 


Ricusrpson, P., Crossy, E. H., Bean, H. A., 
and Dexter, D. Pulmonary oil deposition in 
patents subjected to lymphography: detec- 
tion by thoracic photoscan and sputum exam- 
ination. Canad. M. A. J., May 21, 1966, 94, 
1o8o~-1og1. (From: Allan Blair Memorial 
Clinic and Regina Grey Nuns’ Hospital, 
Regina, Saskatchewan, Canada.) 


Reports of pulmonary oil embolism following lym- 
phography have varied from 17 to §5 per cent by 
radiographic detection. 

The authors, during clinical trials of intralym- 
phatic therapy with radioiodinated ethiodized oil for 
malignant disease of lymph nodes, found significant 
radioactive material in the lungs in § consecutive 
cases done (thoracic scans). Radioactivity was pres- 
ent in the sputa of 2 of these cases. No cases showed 
radiographic evidence of emboli. 

Conservative techniques were used during injec- 
tion. Despite the limitation cf volume of oil injected, 
monitoring of the infusion, and absence of radio- 


IOI8 


graphic evidence of contrast material in the lungs, 
significant pulmonary deposition of oil appears to be 
inevitable following lymphography.—George A. 
Miller, M.D. 


Srrtort, C. Cytodiagnosis and pathogenesis of 
lung tumors and experiments with influenza 
virus: optical and electron microscopic stud- 
ies. Panminerva Med., April, 1966, 8, 103- 
rro. (From: Morbid Anatomy Division, 
National Cancer Institute, Milan, Italy.) 


Cytodiagnosis has now emerged from its infancy 
as demonstrated by the achievement of diagnostic 
effort acclaimed for the diagnosis of carcinoma of the 
cervix. Less enthusiasm exists, however, in the diag- 
nosis of carcinoma of the lung. 

The author describes a technique for improvement 
over the regular Papanicolaou smear by the utiliza- 
tion of carefully collected sputum specimens sub- 
sequently imbedded in paraffin, sectioned and 
stained with hematoxylin and eosin. The specimens 
are collected directly into denatured alcohol and sub- 
sequently subjected to further fixation in Dubosq- 
Brazil fluid. He has examined 3,433 specimens with 
1,045 positive results, 1,963 negative results, 172 
doubtful results and 253 inconclusive results owing 
to insufficient salivary material. [t is his opinion that 
a correct diagnosis can be made in 93 per cent of the 
cases. 

The author stresses the importance of the method 
used to collect the sputum, elaborates on the diag- 
nostic difficulties concerning phantom cells, India ink 
cells, and the possibility of roéntgenologically in- 
apparent tumors with a positive cytology. 

Paraffin fixation of sputum, in his opinion, is pre- 
ferred to Papanicolaou type smears since it presents 
no problem in a well equipped morbid anatomy 
laboratory and presents the examiner with cells 
stained by usual ‘techniques familiar to the patholo- 
gist. 

In the author’s laboratory, investigations with in- 
fluenza virus have been carried on in which he has 
shown that the virus forms especially in the cells re- 
sponsible for the alveolar tensioactive substance and, 
therefore, for the elasticity of the lung. Lesions of 
these cells favor the accumulation of inhaled carcino- 
gens and for this reason he suggests that influenza 
virus can be considered as a co-factor in the etiology 
of lung cancer.—Luther W. Brady, M.D. 


LEGER, Lucien, Lepoux-Leparp, Guy, Ka- 
NOUI, FERNAND, and Prcarp, CLAUDE. 
(Paris, France.) L’examen radiologique de la 
région cardio-oesophago-tubérositaire de pro- 
fil (en position debout, tronc fléchi et en 
position couchée). (Radiologic examination 
of the cardio-esophageal junction in profile 
lin upright position, with the trunk bent and 
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in decubitus position].) Presse méd., Suppl., 

June, 1966, 74, 31-34. 

The difficulties in roentgenologic exploration of the 
gastric fundus, the cardia, and esophageo-cardiac 
junction, and of making an accurate diagnosis, both 
by roentgenologic examination as well as by eso- 
phagoscopy, and gastroscopy, are well known. In the 
examination of this area the authors stress the im- 
portance of the lateral profile projection in both the 
upright and the horizontal position. 

The examination is performed in the upright posi- 
tion, with the patient’s body bent forward as much as 
possible. Orally administered barium clearly defines 
the distal esophagus, and with air in the stomach, 
gives a double contrast study of the cardia and fun- 
dus. This technique is quite helpful in the demonstra- 
tion of hiatal hernia and particularly of gastric 
esophageal reflux. 

Studies of the same area with the patient in the 
horizontal position may be done in both the prone 
and supine position. In the prone position, the gas 
bubble rises towards the spine, giving a double con- 
trast which is particularly helpful in a study of the 
mucosa and in the detection of ulceration and tumor 
formation in the posterior aspect of the fundus. With 
the patient in the supine position, the opposite as- 
pect of the fundus is more readily visible. 

With the patient in the horizontal position, a grid 
cassette is placed vertically on the table against the 
side of the patient, and a horizontal beam at right 
angle to the cassette is obtained by placing the tube 
on the contralateral side. . 

Lesions of the cardia are readily outlined, and 
varices become more apparent. In the examination of 
the gastrointestinal tract, the authors routinely ob- 
tain a lateral profile roentgenogram of the fundus 
with the patient in both the prone and supine posi- 
tion. 

(During the past 20 years, this reviewer has used, 
in selected cases, the horizontal profile projection in 
both the decubitus and supine position. The clarity 
of detail of the fundus and the esophageo-gastric 
junction, particularly in the detection of ulcers and 
tumors, which would otherwise be obscured, is most 
rewarding.) 

Fifteen illustrations and reproductions of roent- 
genograms accompany this informative ‘article— 
William H. Shehadi, M.D. 


ABDOMEN 


Kaun, Ivan J., JEFFRIES, Granam H., and 
SLEISENGER, Marvin H. Malabsorption in 
intestinal scleroderma:correction by antibiot- 
ics. New England F. Med., June 16, 1966, 
274, 1339-1344. (Address: Dr. Jeffries, 525 
East 68th Street, New York, N. Y.) 
Correction of malabsorption in intestinal .sclero- 

derma in 3 out of 4 patients treated with a broad- 
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spectrum antibiotic is reported. The etiology of 


malabsorption in patients with intestinal scleroderma 
has never been satisfactorily explained, and, among 


other things, the possibility of overgrowth of 


bacteria in atonic loops of bowel has been considered. 

Each of the patients treated had had evidence of 
disseminated scleroderma for many years before the 
onset of intestinal symptoms. The presence of mal- 
absorption was proved by the use of sensitive ab- 
sorption tests, including D-xvlose excretion and 
quantitative measurement of fecal fat excretion by 
the method of van de Kamer ef al. 

Involvement of the small intestine in scleroderma 
is common enough, but true malabsorption has been 
reported infrequently. Bacterial proliferation in the 
upper small bowel was confirmed by culture of aspi- 
rated duodenal contents. 

Two of the patients studied have been maintained 
on long term antibiotic therapy with satisfactory 
well-being and weight gain. The development of re- 
current symptoms was ascribed to bacterial resis- 
tance requiring a change in the antibiotic being used. 
Tetracycline therapy was most dramatic causing a 
cessation of abdominal distention, vomiting and 
diarrhea within 12 hours. Oxytetracycline and 
ampicillin were successfully used to overcome symp- 
toms recurring after bacterial resistance to tetra- 
cycline developed. Repeated duodenal cultures 
could not be obtained to prove presence of anti- 
biotic-resistant micro-organisms, however, 

This therapy in no way influences the basic 
pathologic process in scleroderma and presumably 
there is no change in the usual radiologic abnormali- 
ties typical of intestinal disease.—Richard E. 


Kinzer, M.D. 


MaTHISEN, Witty, and Horta, Anne Lise. 
Idiopathic retroperitoneal fibrosis. Surg., 
Gynec. © Obst., June, 1966, 722, 1278-1282. 
(From: Division of Urology, University Hos- 
pital, Rikshospitalet, Oslo, Norway.) 


There is a close similarity between the micro- 
scopic appearance of the tissues in retroperitoneal 
hbresis and chronic lymphedema of the lower ex- 
tremities. It is believed that the pathogenesis is the 
same. The process begins with a lymphangitis, prob- 
ably of viral origin. This results in lymph stasis and 
dilatation of the lymphatic vessels. Protein rich 
fluid containing lymphocytes escapes into the ex- 
tracellular space in the retroperitoneal area. The 
proteins are precipitated and collagenous tissue is 
formed following the invasion of fibroblasts. Super- 
fluous water is reabsorbed causing the fibrous tissue 
to retract toward the midline so that structures in- 
cluded in the process are compressed and displaced. 

Nine patients with surgically verified retro- 
peritoneal fibrosis were studied. Four patients with 
sclerosing mediastinitis exhibited the same patho- 
logic appearance.-David Morse, M.D. 
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Guten, C., Prerret, H., Sarves, H., and LEGRÉ, 
J. (Marseille, France.) L’exploration tomo- 
graphique des viscères abdominaux par 
preumoperitoine et rétropneumopéritoine 
associés. (Tomographic exploration of ab- 
dominal viscera by combined pneumoperi- 
teneum and retropneumoperitoneum.) 7. de 
radiol., a électrol. et de méd. nucléaire, June- 
July, 1966, 47, 321-324. 

There are 3 modalities of tomography: frontal, 
sagittal and transverse axial. There are 3 methods of 
enhancing contrast by gas: pneumoperitoneum, 
retropneumoperitoneum and gastric insufflation. The 
originality of the authors’ method consists in using 
the proper combination of these approaches with 
small quantities of gas, so that each organ is dis- 
associated from its bed by suitable insufflations and 
posioning, with tomography furnishing virtually 
panoramic views. 

The failure to separate organs as expected in- 
dicates that they are adherent or invaded. The liver 
can he evaluated as to volume, compensatory hyper- 
trophies or other affections. No other method allows 
determination of splenic volume with such precision. 
Frontal tomography alone is adequate to delineate 
the pancreas. Kidneys, suprarenals and deep lymph 
node masses are well brought out, and, finally, the 
great vessels are completely visualized. 

The indications for this complementary approach 
fall into two groups: expleration of a specific organ 
for study of its volume, morphology and relation- 
ships to adjacent tissues, or search for a possible 
abdominal lesion, with recognition of inflammatory 
or metastatic invasions.--Frank A. Riebel, M.D. 


PIETRI, H., GUIEN, Cr., SARLES, J.-C., Assa- 
DOURIAN, R., SarLes, H., and LEGRÉ, J. 
Tcmographie du foie et du pancréas sous 
pneumopéritoine et rétropneumopéritoine 
associés. (Tomography of the liver and pan- 
creas with combined pneumoperitoneum and 
retropneumoperitoneum.) Ann. de radiol., 
1965, 3, 765—784. (From: Unité de Recherche 
de Pathologie Digestive, Hôpital Sainte- 
Marguerite, Marseille, and Chaire d’Elec- 
troradiologie de la Faculté de Médecine de 
Marseille, Hôpital de la Timone, Marseille, 
France.) 

A systematic combination of pneumoperitoneum 
and retroperitoneum has proved quite useful in ex- 
amining the liver. Surface irregularities caused by 
regeneration nodules of cirrhosis, tumors or metas- 
tases ure clearly shown. The inferior vena cava can 
be observed in its intrahepatic tract. Calcifications in 
the right hypochondrium can be accurately local- 
ized. Hypertrophy of the caudate lobe is shown ex- 
tremely well. 


1020 


From frontal and transverse tomograms the shape 
of the liver can be determined and a model of the 
organ constructed. From this model the volume of 
the liver can be deduced. 

In frontal tomograms, the outline of the body and 
tail of the pancreas is clearly defined. If the head of 
the pancreas is to be examined, an air contrast injec- 
tion in the duodenum may be useful. The liver and 
pancreas are clearly seen in their relation to other 
organs and anatomic elements.--Charles M. Nice, 
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TESCHENDORF, W., and ScHIRMEISEN, P. Orale 
Cholangiographie in Verbindung mit der 
Magen-Darm-Untersuchung. (Oral cholan- 
giography in combination with gastrointes- 
tinal examination.) Röntgen Blätter, Mavy, 
1966, 79, 248-257. (Address: Strahleninstitut 
der AOK Köln, Machabäerstrasse 19-27, 5 
Köln, Germany.) 


Oral cholangiography with available contrast 
media has only been partly successful thus far. A new 
contrast medrum—-SH 771 (Schering)—-, however, 
proved superior for visualization of the bile ducts. Its 
concentration in the secreted bile is twice as high as 
that of other media. The gallbladder could readily be 
visualized 2 to 4 hours after the ingestion of 3 gm. of 
SH 771 in g2 of 100 examined patients and the bile 
ducts in 77. The new contrast medium was also 
satisfactory in postcholecystectomy cases. 

In view of the good results, a combination of the 
gallbladder examination with a gastrointestinal 
series was undertaken. At first, the examination was 
combined with 24 hour barium meal studies to rule 
out adhesions of the gallbladder to the colon. With 
the aid of erect and oblique views it was possible to 
eliminate a disturbing superimposition of the colen in 
all but 3 per cent of 298 consecutive cases. 

Another method consisted of mixing granules of 
SH 771 with the barium meal. In order to avoid 
confusing images, the authors first performed a 
mucosal study of the stomach with barium alone and 
administered the mixture immediately afterward. In 


hours, in 3 cases it filled after 34 hours and in the re- 
maining 4 only after 24 hours. The bile ducts were 
visualized at 24 hours in 75 per cent of the cases. 
Occasionally, there was a 24 hour delay of bile duct 
visualization. 

Estimation of the relationship of the gallblad- 
der to the stomach and duodenum was made pos- 
sible. Accurate localization of the papilla Vateri 
with the combined method was of special interest. 
Out of a series of 150 cases, pathologic changes, not 
previously recognized, were detected in 52 patients. 
This number also includes calculous disorders in 1¢ 
per cent.-Ernest Kraft, M.D. 


Bucuta.a, V. Die perorale Cholangio-Cho- 
lezystographie mit SH 771: Ergebnisse und 
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Nebenerscheinungen bei 766 Untersuchun- 
gen. (Peroral cholangio-cholecystography 
with SH 771: results and side effects in 766 
examinations.) Röntgen Blatter, May, 1966, 
79, 268-272. (Address: Nymphenburger 
Strasse 163, 8 München 19, Germany.) 


A new contrast medium for oral cholecystography 
and cholangiography--SH 771 (Schering)—was 
tested in $66 cases. It was rapidly visualized in the 
gallbladder and bile ducts with optimal filling 3 hours 
following the ingestion. The findings were “positive” 
in g§ per cent of cases and “negative” in § per cent. 
Ducts only were visualized in 9 per cent. The cystic 
duct was filled in 85 per cent, the common duct in 
77 per cent, and the hepatic duct in 3g per cent, 

In a second series of 200 cases, the findings were 
similar except for the fact that calculi were detected 
In 20.5 per cent. Duct stones were observed in 8.5 
per cent of the cases. The results in the 766 cases 
were far superior to those obtained with other con- 
trast media, 

In the second series of 200 cases, the patients were 
systematically questioned for possible side effects. 
Thus, a new type of reaction, an “internal chill,” was 
reported in $o per cent of the cases, while nausea and 
vomiting only appeared in 3.5 per cent. The sensa- 
tion of a chill was predominant in the abdomen, but 
occasionally also in the long bones and the skin. 
Transient anesthesia of the head, lips, and forehead 
was encountered in § per cent of the cases. The side 
effects appeared most frequently when the contrast 
medium was ingested in the early morning hours. 
They could be alleviated by a different mode of ad- 
ministration or by a lower dose. Despite the some- 
what disturbing reactions, the rew drug proved 
superior and aided in rendering intravenous cholangi- 
ography almost completely avoidable. -Ernest 


Kraft, M.D. 
RADIATION THERAPY 


JEFFERSON, A. Symposium on pituitary tu- 
mours: I. Clinical management and the results 
of treatment of the chromophobe pituitary 
adenoma. Clin. Radiol., April, 1966, 77, 141- 
148. (From: Department of Neurological 
Surgery, The Royal Infirmary, Sheffield, 
England.) 


The chromophobe pituitary adenoma is usually 
one of the most satisfying lesions that the neurosur- 
geon is called upon to treat. Good results should in- 
variably follow early diagnosis and, with adeguate 
treatment, life-long cures can be anticipated. De- 
layed diagnosis and late referral to the neurosurgeon 
are usually associated with extensive optic atrophy. 
As a result little if any improvement in vision follows 
treatment. Whenever optic atrophy has not de- 
stroyed the chance of improvement, restoration of 
visual function has been, for the majority of cases, 
both dramatic and speedy. 
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The operation ts performed by cutting a window in 
the anterior wall of the lesion and by evacuating its 
contents. The surgeon aims at packing the capsule 
down into the floor of the pituitary fossa. The opera- 
tion results in removing the pressure from the optic 
nerves and chiasm, The purely intraseliar lesions and 
those with a very large suprasellar lesion are recom- 
mended for radiation treatment only. Adenomata 
with a moderate sized suprasellar extension are 
treated by operation and subsequent irradiation. 
Among $1 patients there have been 4 deaths. 

Every patient routinely receives a small dose of 
cortisone (12 mg. twice daily) and of levo-thyroxine 
sodium (o.1 mg. twice daily) for several years fol- 
lowing treatment. Almost all the patients resumed 
work within 3 months of operation. 

To date among the patients treated, with 6o per 
cent followed for 3 years, there has been no clinical 
or radiologic evidence of recurrence. If the recurrence 
rate in this series 1s eventually confirmed to be un- 
usually low, perhaps this will be shown to have re- 
sulted either from the regular use of hormones or 
from excellent supervoltage roentgen irradiation.-— 


Samuel G. Henderson, M.D. 


Lewras, N. A. Symposium on pituitary tu- 
mours: IT. Radiology in diagnosisand manage- 
ment. C/in. Radiol., April, 1966, 77, 1497153. 
(From: Department of Radiology, United 
Shefħeld Hospitals, Sheffield, England.) 


While the most common pituitary tumor, the 
chromophobe adenoma, is traditionally described as 
producing a “ballooned sella” on lateral skull roent- 
genograms, this is actually the least common ap- 
pearance. In nearly half of the patients with chromo- 
phobe adenoma there is found to be a double floor of 
the pituitary fossa due to asymmetric expansion by 
the intrasellar tumor. The extent of any suprasellar 
extension can be determined only by air encephalog- 
raphy. The anterior end of the third ventricle must 
always be clearly outlined with air. This is demon- 
strated by placing the head in the brow-up over-ex- 
tended position. Tomography has proved especially 
helpful in improving the results. If satisfactory 
tomograms are not obtained at first, it may be pos- 
sible to show the front of the third ventricle by de- 
ayed roentgenograms taken between 6 and 24 hours 
after air injection. 

Effective treatment by either surgery or radiation 
therapy or both results in the majority of cases of 
utuitary adenoma, the patients living for many 
years, with rarely any recurrent tumor growth. Very 
arge suprasellar extensions are unsuitable for direct 
surgery, and are treated by radiotherapy alone. 

Since a lateral skull roentgenogram provides much 
nformation concerning the situation within the 
oituitary fossa, annual serial roentgenograms are de- 
arable in follow-up. Alterations in the shape and 
chickness of the bony walls of the sella give reliable 
evidence of reduction of tumor size and of absence of 
recurrent tumor, 
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Serial lateral roentgenograms should be examined 
for (1) increase in thickness of the sellar floor and 
dorsum, (2) forward hinging of the dorsum, (3) for- 
ward and downward “crumpling” of the dorsum over 
the pituitary fossa, and (4) reduction of the vertical 
height of the dorsum. 

By means of these signs the author has observed 
reduction of the tumor mass in 37 per cent of pa- 
tients, the changes usually becoming evident be- 
tween the roth and 18th month after treatment. In 
63 per cent of patients with no clinical evidence of 
tumor recurrence the roentgenographic appearances 
of the pituitary fossa remained unchanged.— Samuel 
G. Henderson, M.D. 


EMMANUEL, L G. Symposium on pituitary 
tumours: ITI. Historical aspects of radio- 
therapy, present treatment technique and 
results. Clin. Radiol., April, 1966, 77, 154- 
160. (From: Shefheld National Centre for 
Radiotherapy, Sheffield, England.) 


The name of Harvey Cushing stands out with 
unique distinction in the literature published on the 
subject of the pituitary in the first 30 years of this 
century. At the persuasion of Sosman many of Cush- 
ings patients with chromophobe tumors received 
posteperative radiotherapy. Cushing was uncon- 
vinced of the real value of radiotherapy until Hen- 
dersen (1939) reviewed Cushing’s series and reported 
in great detail on 338 patients with pituitary tumors 
treated over the period 1913 to 1932. The finding 
that postoperative radiotherapy reduced signifi- 
cantly the incidence of recurrence did much to throw 
Cushing’s weighty opinion in favor of postoperative 
irradiation. 

Following the installation of a 2 mev. Van de 
Graaff generator at the Shefheld Center in 1948, the 
majority of pituitary tumors have been treated on 
this machine. A ¢ field technique is used, a dose of 
4,000 rin 4 weeks being delivered. With the excep- 
tion of some of the eosinophil adenomas, all pituitary 
tumors are referred by the neurosurgeons after the 
necessary investigations and operation when indi- 
cated. An important contribution to the successful 
treatment of these tumors is the meticulous care with 
which the tracings of the tumor volumes are made by 
the neurosurgeons. The peak age incidence for 
chromophobe adenomas is in the sth decade and for 
eosinophil adenomas in the 4th decade. 

Sixteen patients were treated by radiation alone. 
Twelve of the 16 were free of recurrence at 4 years 
and more. Forty-six patients were referred for post- 
operative radiotherapy. Five died of postoperative 
complications, but 38 out of the remaining 41 were 
free of recurrence at 4 years and more. 

In eosinophil adenomas radiotherapy will usually 
releve the local pressure effects of the tumor. The 
systemic consequences of the endocrine disorder, 
ralling mainly on the cardiovascular system and the 
carbohydrate metabolism, are relatively unaffected 
Dy treatment and lead to the early death of the pa- 


tient. Acromegaly is arrested in a large proportion 
but improvement is rare. New interest in the man- 
agement of this disease has been revived with pitui- 
tary ablation, either by surgery or by isotope im- 
plants or by “‘radio-cautery’’ using high energy 
particle beams.--Samuel G. Henderson, M.D. 


Worman, Lionet, Symposium on pituitary 
tumours: IV. Unusual pathological features. 
Clin. Radiol., April, 1966, 77, 161-168, (From 
Department of Neuropathology, The Royal 
Infirmary, Sheffield, England.) 


In this paper material from 83 cases of anterior 
lobe tumors is reviewed and the range of histologic 
appearances illustrated. These tumors are discussed 
in 3 main groups according to the embryologie devel- 
opment of the main components of the gland: (1) 
pars glandularis or anterior lobe; (2) pars nervosa or 
posterior lobe; and (3) abnormal persistence of an 
intraglandular cleft between the pars glandularis and 
the pars nervosa, with development of a cystic tumor 
in or around the pituitary fossa. 

The normal anterior lobe of the pituitary gland in 
the adult male is composed of §2 per cent chromo- 
phobe cells, 37 per cent eosinophils and 11 per cent 
basophils. Chromophobe adenomas are about four 
times more common than tumors arising from chro- 
mophil cells. The size of chromophobe tumors varies 
greatly from small intrasellar lesions to massive su- 
prasellar extensions. They occur twice as frequently 
in the male as in the female. Pure eosinophil adeno- 
mas are rare, and only 1 such lesion was found in the 
83 cases. Mixed tumors containing both eosinophilic 
and chromophobe cells are common. Basophil adeno- 
mas are considered to be secondary to endocrine dis- 
turbance arising in the adrenal. Primary tumors of 
the posterior lobe are rare. Of the tumors of the pos- 
terior lobe, a few gliomas have been described. Those 
tumors resembling in structure the infundibulum 
involve the pituitary stalk and adjacent floor of the 
third ventricle. The pathogenesis of craniopharyngto- 
mas is attributed to small nests of squamous epithe- 
lium normally found in the pars tuberalis mainly 
above the diaphragma sellae. Such cell nests are not 
commonly found before the third decade.—Samuel 


G. Henderson, M.D, 


Rogsins, Guy F., Lucas, Joun C., JR., 
FRACCHIA, ALFRED A., Farrow, Josera H., 
and Cuu, Frorence C. H. An evaluation of 
postoperative prophylactic radiation therapy 
in breast cancer. Surg., Gynec. & Obst., May, 
1966, 722, 9797982. (From: Department of 
Surgery, Breast Service, and Department of 
Radiation Therapy, Memorial Hospital for 
Cancer and Allied Diseases and James Ewing 


Hospital, New York, N. Y.) 


A quasi statistical comparison of treatment results 
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of breast cancer with and without prophylactic post- 
operative irradiation is given. The clinical material 
consists of 386 patients generally treated with radical 
mastectomy without radiotherapy during 1950 and 
19§1 and 349 patients usually treated with radical 
mastectomy plus postoperative irradiation during 
1954 and 1955. There were exceptions to the treat- 
ment modalities in each group. 

Since there were some patients treated with and 
without postoperative irradiation in both groups, the 
results were compared by two methocs. The first was 
to calculate the results in groups whe did or did not 
not receive prophylactic irradiation, regardless of 
their years of treatment. The second was to analyze 
the results in all patients of each 2 year group, re- 
gardless of whether they did or did not receive ir- 
radiation, 

When radiotherapy was given, 3500 rads mid- 
plane dose was delivered in 3-4 weeks using ortho- 
voltage. Both the supraclavicular and internal mam- 
mary lymph nodes were usually treated. In general, 
the chest wall was not irradiated. 

Of the 291 patients who received postoperative 
radiotherapy, 39 per cent were free of disease at 5 
years. Among the 444 patients who did not receive 
radiotherapy, s8 per cent were without evidence of 
disease at § years. The authors indicate that there 
was selection favoring the nonirradiated group. 
There was no significant difference between the two 
methods of treatment if the axillary lymph nodes 
were negative. If the lymph nodes were positive, 29 
per cent of the irradiated ones and 3% per cent of the 
nonirradiated ones were free of disease at § years. 
There was no difference in the survival rates if the 
patients were grouped according te the maximum 
level of axillary lymph node involvement. 

Fifty-four per cent of the group treated in 1950 and 
rogi, usually without postoperative irradiation, 
survived 5 years without disease as compared to 47 
per cent of the second group who were usually treated 
with postoperative irradiation. 

Radiotherapy was found to be beneficial in reduc- 
ing metastasis to the supraclavicular fossae. There 
was a 13 per cent incidence of metastasis to the sup- 
raclavicular fossae in 224 patients with positive 
axillary lymph nodes who received irradiation. The 
incidence rate was 26 per cent in the nonirradiated 
group of 200. Most of the metastases occurred during 
the first 18 months after operation in the nonir- 
radiated group. Thereafter the occurrence rates were 
similar. 

This is an uncontrolled study that seems to indi- 
cate that prophylactic postoperative irradiation 3s 
only beneficial in reducing the incidence of sup- 
raclavicular metastasis.--Eorett E. Smith, M.D. 


BuscHKE, F. Some reflections of the treatment 
and prognosis of Hodgkin’s disease. Radiol. 
clin. et biol, 1965, 34, 285-309. (Address: 
Prof. Franz Buschke, University of Cali- 
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fornia, School of Medicine, San Francisco, 


Calif.) 


The present optimistic view regarding the radio- 
therapeutic management of Hodgkin’s disease 1s 
emphatically restated by the author, and Illustrated 
by 3 cured cases surviving 30 years, 29 “ears, and 
22 years, respectively. The ae of the classification 
scheme, baged on that described by Peters for man- 
agement and prognosis, 1s supported. 

Local recurrences of disease are attributed to in- 
adequate dosage and the dose-dependent relation- 
ship of recurrent disease 1s reviewed. A dost of 3,500- 
4,000 rin 4~§ weeks is advocated as adequate to con- 
sistently avoid recurrences. 

The question of radiation volume for early stage 
‘Stage 1 and n) disease is discussed, as well as the 
therapy directed to apparent disease only or to ex- 
tended fields (Peters and Kaplan). 

The author reviews personal experience and tenta- 
tively concludes that regional treatment with “gen- 
erous margins” 1s adequate for true Stage 1 disease, 
especially where only the cervical lymph nodes are 
involved. For Stage u disease, treatment of certain 
adjacent uninvolved areas, as well as an en bloc ap- 
proach is advocated--the latter because of recur- 
rences In treatment “gap” areas. 

Chemotherapy has no place in Stage 1 or u dis- 
ease, but finds useful application | in situations where 
spinal cord compression is present. Generally, med- 
mistinal disease can be treated by radiation therapy 
alone; however, where marked meciastina. obstruc- 
tion is present, initial chemotherapy may be useful 
because of its more rapid action. 

Stage m1 disease is considered for 2 situc tions: (1) 
Stage 1 or i disease that becomes Stage r1 by pro- 
gression, and (2) 2n disease wita a short 
history (“Class 1”), The latter situation is handled 
by A D ath irradiation reserved for 
selected areas of disease. Radiotherapy is mtegrated 
with other froms of therapy in the former situation, 

The view that Hodgkin’s disease is curable, as 
stated by Kaplan, Easson, and Peters, 1s supported 
by the author’s experience. Yosh Maruyaena, M.D. 


CONRADY, Jurra, ELKIN, MILTON, ROMNEY, 
Seymour L., and SANFILIPPO, lovis J. 
Pelvic angiography and lymphang ography 
in the evaluation of the patient with car- 
cinoma of the cervix. Surge, Gynec. © Obst., 
May 1966, 722, 983-990. (From: eae 
ments of Radiology and Gynecology and 
Obstetrics, Albert Einstein College af Medi- 
cine of Yeshiva University, and tke Bronx 
Municipal Hospital Center, New York, 
In the management of carcinoma of tne cervix, 

accurate determination of the extent of the disease is 

often difficult and may be erroneous. 
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Pelvic angiography and lymphangiography were 
performed on a group of Stage 1 and 11a cases follow- 
ing radiotherapy but prior to extraperitoneal lymph 
node dissection. The results showed that 4 of 7 pa- 
tients had false positive lymphangiograms for Kmo 
node metastases, In these cases, the studies added 
ttle useful information relating to the clinical status 
of the patient. 

Use of pelvic angiography and Ivmphangiography 
in recurrent carcinoma may assist in the manage- 
ment of these cases. 

In 2 cases reported, the pelvic angiogram delin- 
eated the size and extent of the pelvic tumor masses 
and enabled the authors to distinguish between an 
abscess and a recurrent tumor. 

Twelve cases of more advanced carcinoma in 
clinical Stage ib and ia were studied. In 3 of the 12 
cases the angiograms and ly eh aneioeralt provided 
addtional data which led the authors to modify the 
planned management of these cases. One of the 
3 cases was clearly overstaged and the other 2 had 
more extensive but clinically unsuspected disease, — 


Fdeward M. Cockerill, M.D. 


WANG, Eric K., Nourse, Myron H., Wisx- 
ARD, WiLLIAM NILES, JR., and MERTZ, Joun 
HH. 0, The accuracy o preoperative staging 
of bladder tumors by arteriography: a $-year 
study. 7. Urol., March, 1966, 95, 363-367. 
(irom: Departments of Radiology and 
Urology, Methodist Hospital, Indianapolis, 


Ind.) 


Preoperative staging of bladder carcinoma will 
determine the treatment modality to be used in the 
hght of our present knowledge. Transurethral re- 
section and ele -ctrosurgery are favored for papillomas 
with only minimal invasion. Segmental resection of 
the bladder 1s recommended for solitary well-local- 
wed lesions limited to the muscularis or penetrating 
into the fat capsule. Cobalt 60 teletherapy and sup- 
ervoltage therapy are presently favored for multiple 
infiltrating lesions of Stage C or higher. Total cystec- 
tomy with radical lymph node dissection and by-pass 
procedures are now reserved for treatment of a few 
isolated instances of solitary but deeply infiltrating 
lesions, 

Many methods have been used to evaluate the 
preoperative staging of the neoplasm. Bimanual ex- 
amination under anesthesia, fractional biopsy, 
cystoscopy, intravesical and perivesical gas insuffla- 
tion combined with perivesical venography and intra- 
venous urography have all been accepted methods 
for study but each has inherent limitations in the 
accurate preoperative staging of vesical tumors. 

The arteriographic demonstration of bladder 
tumors by the authors’ method offers a reliable 
method for accurate and definitive assessment of the 
depth of infiltration of a bladder tumor and allows 
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certain conclusions regarding histologic grade of this 
tumor. One hundred and sixty-six patients with 
pathologic proof of bladder disease were studied by 
arteriography with an cver-all accuracy in the diag- 
nosis and staging of bladder tumors of about go per 
cent. In the Stage C tumor group, the accuracy was 
95 per cent of 62 patients. The method was also ex- 
tremely useful in followup examinations of Stage C 
bladder carcinomas treated by cobalt 60 teletherapy, 
and the over-all accuracy in this group was 94 per 
cent. The most difficult differential diagnosis was 
between carcinoma of the bladder Stage o and non- 
specific hyperemic cystitis. 

The authors repeatedly emphasize the need for 
experience and familiarity with the method in order 
to establish a diagnostic accuracy of such high levels. 
The details of the arteriographic technique and 
positioning are included in this article.—George W. 
Chamberlin, M.D. 


Rupp, Kennets D., Green, ALLAN E., JR., 
Morrow, Roserr M., and HANCOCK, JAMES 
A., JR. Radium source appliance for treat- 
ment of nasopharyngeal cancer. F. 4m. Dent. 
A., April, 1966, 72, 862-866. (From: Wilford 
Hall USAF Hospital, Aerospace Medical 
Division (AFSC), Lackland Air Force Base, 
Texas.) 


The authors report a patient with a carcinoma of 
the nasopharynx for whom a radium source appliance 
was constructed. 

The patient had a recurrence of her carcinoma of 
the nasopharynx 16 months after receiving 5,500 
rads tumor dose with Co teletherapy. It was de- 
cided to deliver 4,000 rads to the left nasopharyngeal 
fossa by the use of radium needles. A contour fitting 
acrylic resin appliance was constructed so that the 
needles would be positioned accurately, Similar ap- 
pliances had been constructed in the past in which a 
cold-curing resin was adapted to the area of malig- 
nancy directly, and then removed for placement of 
the needles, in the operating room. This had the 
disadvantage of exposing the nasopharynx to the 
exothermic reaction of cold-curing acrylic resin, and 
inaccuracies resulting from construction of the appli- 
ance in the operating room. 

The authors used a non-irritating polysulfide im- 
pression material to reproduce the area and then the 
appliance was constructed of heat-curing acrylic 
resin. The appliance fitted well and was well tolerated 
by the patient. 

Although this procedure requires giving the pa- 
tient an additional anesthetic, and requires more 
laboratory time than the one-stage procedure using 
cold-curing resin, it offers the advantage of precise 
adaptation, accurate placement of radium needles, 
and more comfort for the patient.—Bernard Neff, 
M.D. 
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Basin, L., and Sassi, P. Perforazioni e fistole 
in corso di radioterapia dei tumori maligni 
dell'esofago. (Perforations and fistulae in the 
course of radiotherapy of malignant tumors 
of the esophagus.) Radiobiologia, radioterapia 
e fisica med., Jan.Feb., 1966, 27, 55-71. 
(From: Istituto di’ Radiologia dell’Uni- 
versita di Bologna, Bologna, Italy.) 


Cancer of the esophagus in its progression, besides 
encroaching on the lumen, grows longitudinally and 
subsequently peripherally. It breaks through the 
muscle barrier and invades the mediastinum and its 
contents, frequently involving the tracheo-bronchial 
tree and producing perforations and fistulae. 

The scope of the authors was to study in what way 
radiant therapy contributes to these complications. 

The esophagus, in accordance with accepted ra- 
diologic convention, was divided in 3 portions: 

(1) Upper third, which includes the cervical 
esophagus and the tracheal thoracic tract up to the 
aortic impression (32 cases). 

(2) Middle third, which comprises the aortic nar- 
rowing, the tracheal tract below it and the infra- 
bronchial segment (71 cases). 

(3) Lower third, which includes the pericardiac 
and abdominal portions (44 cases). 

Complications generally occur a short time fol- 
lowing the beginning of radiation therapy. In the 
majority of cases they take place during, or soon 
after the course of therapy. In 157 cases studied by 
the authors, only 3 presented esophago-tracheal or 
esophago-mediastinal fistulae some months after 
therapy. 

Survival following the formation of fistulae is brief 
and coincides with the appearance of the complica- 
tion. 

The incidence of the complication is not dependent 
on the type of radiation used; f. ¢. 14.8 per cent for 
orthovoltage, 14.5 per cent for supervoltage therapy. 
There is no evidence that the dosage is a determining 
factor. It may occur with relatively low dosage. 

It is logical to assume that radiotherapy 
rapidly destroying neoplastic tissue may accelerate 
perforation and formation of fistulae. The authors, 
however, conclude that the complication is not a 
direct consequence of radiotherapy.—Anthony A. 
Blasi, M.D. 


ZUPPINGER, A. The importance of biology in 
radiotherapy. Radiol. clin. et biol., 1965, 34, 
310-322. (Address: Prof. Dr. A. Zuppinger, 
ZentralrGntgeninstitut der Universität, In- 
selspital, CH-3000, Bern, Switzerland.) 


The author defends the thesis that radiobiology is 
of importance to radiotherapy, and is essential to 
change radiotherapeutics from an empirical field to 
one based on scientific principles. 

He reviews his work on calcium and phosphorus 
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metabolism of irradiated rat bone, measured by Ca® 
and P® uptake. 

The results are considered in an uptake-removal 
model for bone mineral metabolism. Yosh Maruy- 
ama, M.D. 


Mucins, krrzHucu, Minton, Joun P., Hoye, 
Roperr C., Dearman, James R., and 
MeKyicut, Witttam B. The effect of high 
energy laser pulses on the primate liver. 
Surg., Gynec. © Obst., April, 1966, 722, 727- 
732. (From: Surgery Branch, National Can- 
cer Institute, National Institutes of Health, 
Bethesda, and Applied Physics Branch, Red- 
stone Arsenal, Huntsville, Ala.) 


This investigation was suggested by the fact that 
McGuff, Minton, ef al. were successfully able to des- 
troy multiple tumor implants in experimental ani- 
mals with high energy pulsed laser beams. 

Multiple high energy laser impacts from a neody- 
nium-doped glass laser with an energy range of soo to 
300 joules per impact were delivered to the surgically 
exposed livers of 12 healthy rhesus monkeys. All 
animals survived uneventfully and gross and his- 
tologic studies were done of the entire lesions at vary- 
ing times (1 week to 3 months). Liver function tests 
were performed at frequent intervals up to 8 weeks, 
with only the serum lactic dehydrogenase values be- 
ng markedly altered. These returned to normal in 
approximately 2 weeks. 

The fact that the subhuman primate liver re- 
sponded to the laser lesions by healing rapidly, with- 
out immediate or delayed hemorrhage and/or infec- 
tion supports the belief that intensive studies are 
indicated to assess the value of laser radiation as a 
clinical entity in the treatment of metastatic hepatic 


neoplasms.—Yoseph Bissell, D.D.S. 


Cave, Sranrorp, Tatrogenics. Clin. Radiol., 
July, 1966, 77, 193-202. (From: The West- 
minster Hospital, London, England.) 


The word “Tatrogenics” is defined by the author 
as “the study of diseases inflicted or created by doc- 
tors.” Such diseases occur in the practice of all 
branches of medicine. Iatrogenic diseases following 
radiotherapy still occur. The early sequelae of ex- 
posure to radiation such as epilation and telangiec- 
tasis were followed with the advent of megavoltage 
therapy by atrophy of the subcutaneous tissue, de- 
‘ayed necrosis of the subcutaneous tissue, skin, mus- 
cle, and bone, and by visceral damage. 

The most frequent site of subcutaneous fibrosis 
and necrosis is seen in the neck following repeated 
treatments, and in the pectoral and scapular regions 
and the axilla following radiotherapy for breast can- 
cer. Loss of function is progressive, beginning about 
12 to 18 months after treatment and increasing dur- 
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ong subsequent years. Most of the sequelae follow 
repeated treatments and tissue doses of over 5,000 r. 

The deleterious effects on bone can be divided into 
4 groups: (1) arrest of growth, (2) massive necrosis, 
3) osteoporosis and fracture, and (4) post-radiation 
sarcoma. 

The dangerous effects of radiation on the viscera 
nave been known since early in the use of roentgen 
cays and radium, but it is only in the past 20 years 
that serious studies of the severe iatrogenic effects of 
radiation on the viscera have been published. Renal 
damage may follow abdominal irradiation for many 
conditions, particularly malignant tumors of the 
testis and abdominal lymphosarcoma. Radiation 
nephritis can develop within 6 to 12 months after 
radiotherapy, and present as an acute form, or years 
ater as a chronic nephritis, followed by benign or 
malignant hypertension. Acute anuria may develop 
due to mechanical blockage of the ureters, renal 
pelves and tubules by uric acid crystals following 
radrotherapy for abdominal lymphosarcoma. 

Tn the lungs the bulk of the cases of radiation dam- 
age follow treatment for breast cancer. The use of 
aw voltage, opposing fields, high dose and short 
time is conducive to radiation pneumonitis, fixation 
of tae shoulder in some, fractured ribs in others, and 
uways telangiectasis over the scapula and the pec- 
toral area, 

Niyelopathy affecting the spinal cord and brain 
may follow radiation therapy. The safety limits of 
dose to the spinal cord should not exceed 3,300 rads 
for soem, fields and 4,300 rads in smaller fields over 
a period of 42 days. Lesions to the brain following 
radrotherapy of brain tumors and neoplasms involv- 
ng the base of the skull arising in the middle ear or 
nasepharynx may occur. A dose not exceeding 4,000 r 
is considered a reasonable risk. 

The value of radiotherapy in the treatment of can- 
cer of the cervix is unquestioned. The severe effects 
of radiation on the rectum and sigmoid include ne- 
cross, perforation with fistula formation and sten- 
osis requiring colostomy. Megavoltage has not elim- 
nated these risks. Necrosis of the irradiated colon 
with abscess formation can occur within 6 months 
following megavoltage radiotherapy; stenosis may 
occur several years later. In the small bowel, bleeding, 
peroration, obstruction and fistulae have all been 
observed as sequelae to abdominal irradiation. The 
bowel damage, as in other structures, is due to vas- 
cular changes. 

Cancer of the thyroid in children is now recognized 
with increasing frequency. In a series of 562 children 
with thyroid cancer, 80 per cent were found to have 
received irradiation in infancy or childhood for vari- 
ous conditions such as actual or presumed enlarged 
thymus, hypertrophied tonsils and adenoids, acne 
and nevi. 

The incidence of hypothyroidism following p% 
nas been variously reported. It has varied from 11 
per cent to 44 per cent according to the length of the 


period of observation, the number of patients in the 
series and the dose of I"! given. 

Leukemia may develop in children of mothers sub- 
jected to diagnostic radiologic procedures during 
pregnancy. The death rate from leukemia in patients 
given radiation treatment for ankylosing spondylitis 
is reported as 10 times that of the normal population. 
The risk is related to the dose of radiation, the age 
of the patient, and repetition of treatments. 

Many types of human cancer have been produced 
by exposure to radiation. Consequently, benign le- 
sions treatable by other means should not be be 
treated by radiation. Radiotherapy in children 
should be limited to the treatment of cancer, with no 
exceptions.~ Samuel G, Henderson, M.D. 


Ricpy, Carotyn C. The pathology of rhab- 
domyosarcoma in children. Proc. Roy. Soc. 
Med., May, 1966, 59, 411-412. (From: De- 
partment of Morbid Anatomy, The Hospital 
for Sick Children, Great Ormond Street, 
London, England.) 


The author reviews all cases of embryonic rhabdo- 
myosarcoma diagnosed histologically at The Hospital 
for Sick Children over a 40 year period. This tumor 
accounted for 3.6 per cent of all tumors diagnosed 
during that period, 

Several interesting conclusions are arrived at, 
among which are the following: commonest site of 
this tumor was the bladder; it occurred either in the 
urogenital organs or in the head; before it becomes 
invasive, early urinary obstruction may lead to the 
diagnosis; a characteristic macroscopic feature of 
rhabdomyosarcoma is its polyp-like formation; mi- 
croscopically the tumor tissue consists of mesenchy- 
mal cells and more differentiated elements~-fibrous 
tissue, striated and nonstriated’ muscle; metastasis 
to the lungs occurred more frequently than did 
metastasis to the bones. —Lionel W. Young, M.D. 


RADIOISOTOPES 


Loken, MerLe K., WIGDAHL, LUTHER O., 
GirLson, J. MICHAEL, and Sraas, EDWARD V. 
Mercury-197 and mercury-203 chlormerodrin 
for evaluation of brain lesions using a recti- 
linear scanner and scintillation camera. 7. 


(From: University of Minnesota and Veterans 
Administration Hospitals, Minneapolis, 
Minn.) 


The authors summarize their experience in cepha- 
loscanning of 432 patients conventionally scanned 
with Hgt” tagged chlormerodrin. Forty-two selected 
patients were studied with both Hg"? and Hg? 
tagged chlormerodrin as the radioactive agent. Fight 
positive scans in this group were obtained by both 
isotopes. [t is concluded that there is no significant 
difference in the value of these agents for demon- 
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strating brain lesions, but Hg!” tagged chlormerod- 
rin is preferred because of smaller radiation to the 
kidneys. 

There were 107 patients studied with rectilinear 
scanner and scintillation camera using Hg!’ tagged 
chlormerodrin. Twenty-two positive camera studies 
were recorded. On 2 occasions the cameras recorded 
positive scans which appeared inadequate in rectilin- 
ear scanning because of poor patient cooperation. 
Twenty-nine positive rectilinear scans were obtained 
and 3 scans were positive that were not positive in 
the camera group. 

The advantages and disadvantages of both the 
rectilinear scanner and the scintillation camera are 
discussed and it was felt that each gave information 
of essentially equal accuracy.—dbbas M. Rejali, 


M.D. 


SCEMUKLER, Morron, and WORKMAN, JOSEPH 
B. The reliability of scintillation scanning for 
detection of intracranial lesions. F. Nuclear 
Med., April, 1966, 7, 252-258. (From: De- 
partment of Medicine, Radioisotope Labora- 
tory, University of Maryland School of 
Medicine, Baltimore, Md.) 

This report concerns an experience with §22 scinti- 
grams done for the detection of intracranial lesions. 
The usual tracer was Hg®® labeled chlormerodrin, 
but a smaller recent experience has been accumu- 
lated with Hg! chlormerodrin. Among those pa- 
tients scanned for the detection of non-neoplastic 
disease were 115 thought to have vascular lesions. In 
only 8 per cent (g/11§) were positive records ob- 
tained, a somewhat lower figure than one can get 
from other laboratories. Accuracy of scanning local- 
ization of primary tumors was 84 per cent. Seventeen 
of 22 astrocytomas of the various grades were de- 
tected, and all of 11 meningiomas. Twenty-one of 43 
presumed metastatic lesions were found, including 13 
of 16 proven ones. 

The authors’ data support the contention that 
radioisotope scanning is an excellent radiographic 
test for the detection of intracranial lesions, especi- 
ally neoplasms.—-Frederick Y. Bonte, M.D. 


GREENBERG, Wayne V. Thyroidal I turnover 
in hypothyroidism: correlation with thyro- 
tropin responsiveness. Y. Clin. Endocrinol, € 
Metabol., May, 1966, 26, 559-565. (From: 
Clinical Investigation Unit, and Metabolism 
Division, Department of Medicine, Medical 
College of Georgia, Augusta, Ga.) 

Primary or thyroidal myxedema can be distin- 
guished from secondary or pituitary myxedema by the 
response of the thyroid gland to exogenous thyroid 
stimulating hormone (TSH) or by the direct mea- 
surement of the circulating TSH. The present study 

zas undertaken to test the hypothesis that the thy- 
roidal P* release would be a good index to distinguish 
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between the two types of myxedema. The thyroidal 
IML gelease is influenced by endogenous TSH and is 
easily measureable. 

Twenty-four hypothyroid cases were studied. 
Tracer doses of 100-200 uc of H> were given and 
counts were made for 7 days. The thyrotrepin stim- 
ulation study was done after completicn of the 
counting on the seventh day. Three injections of 
thyrotropin, each containing 10 U, were given and 
these were followed by a repeat 24-hour I" study. 

The protein bound iodine (PBD study was higher 
in pituitary dysfunction than in primary hypothy- 
roidism due, most likely, to the intrinsie thyroid 
pathology producing a greater hypofunctior than the 
relative lack of thyrotropin. The [ uptekes were 
higher in pituitary hypofunction as the ths rotropin 
loss was probably incomplete and the decrease in 
fanction was not as complete as that caused by a 
destructive process within the thyroid gland. The 
response to the TSH or thyrotropin separated the 
myxedematous cases in to two distinct groups. 

The rate of I release, as demonstrated by the 
daily counts, was decidedly different between the two 
groups, and the difference was significant as early as 
i day following the standard 24-hour uptake study. 
There was further accumulation of [' during the 
second 24-hour period following the tracer in the 
hypopituitary cases as compared with a marked loss 
in the primary myxedema cases during the same 
period, 

The thyroidal [®t turnover was found to be a use- 
ful test in differentiating the two tvpes of myxedema. 
A rapid release of thyroidal [' supports the diagno- 
sis of primary thyroidal disease, whereas » slow or 
absent release of P? indicates a pituitary hapofunc- 
tion. The accompanying TSH stimulation tests 
agreed with the thyroidal [“' turnover results. 


Charles W. Cooley, M.D. 


Morais, J. G., Dousr, B. D., Smiranarpa, N., 
Wacner, P., and McRakg, J. Lung scanning-- 
technique and some diagnostic uses. Aus- 
tralasian Radiol., Feb., 1966, 70, 17-38. 

(From: Department of Medicine, University 


of Sydney, Sydney, Australia.) 


Lung scanning was developed as an aid in diag- 
nesing pulmonary embolism. However, abnormal 
scans were seen in a number of disease states. The 
authors studied 36 cases with the following clinical 
diagnoses: Normal (4), pulmonary embolism (15), 
primary lung carcinoma (9), secondary lusg carci- 
noma (8), pulmonary artery agenesis (1), pulmonary 
hydatid disease or loculated effusion (1), tuber- 
culema (1), bronchopneumonia (1), and chronic ob- 
structive airway disease (1). Liver-lung scons were 
done in 2 cases. 

A scanner with a 3X2 inch crystal and  19-hole 
collimator was used. The scans were done with the 
patient being either prone or supine, and at times in 
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both positions. The lung scans were best with the 
patient being prone, as a greater volume of lung was 
closer to the scanner. The supine lung scan was indi- 

ated when the patient was too ill to be placed prone, 
or when the pathology was located anteriorly. The 
scans were done immediately after the intravenous 
injection of 100-300 ue of I! macroaggregate human 
serum albumin. The scanning speed was 40-50 cm. 
per minute. The average scan lasted 30-40 minutes. 
The thyroid gland was blocked, when possible, by 
the administration of Lugol’s solution. 

Chest roentgenograms are essential prior to scan- 
ring. The interpretation of the scans is most satis- 
factory when combined with the clinical data and 
chest roentgenograms. Cardiac enlargement does 
make interpretation difficult, and especially when 
pathology is present in the left lung field. 

The combined liver-lung scan was done by ad- 
ministering 1co ye of colloidal Aut’? intravenously 3 
days prior to the scan. The liver-lung scan is of value 
in investigating right sided diaphragmatic abnormal- 
ities. Subphrenic lesions may distort the upper edge 
of the liver and the base of the lung. 

There were 7 positive scans in the 1¢ clinically 
suspected cases of pulmonary embolism. Serial lung 
scans can be used to follow changes in pulmonary 
erculation during the natural and treated course of 
pulmonary embolism. Lung scanning may become a 
major indication for the selection of patients who re- 
quire anticoagulant therapy or vena cava plication. 

There were no constant findings in the lung scans 
of patients with primary and secondary lung carci- 
noma. Some scans were normal and some showed the 
same or greater changes when compared with the 
chest roentgenograms. 

Normal and abnormal scans are presented to 
ilustrate various disease states and points of tech- 
nique. 

Lung scanning with P? macroaggregated human 
serum albumin was found to be a safe procedure. The 
scan abnormalities are produced by diseases or ab- 
normalities causing obstruction of pulmonary. ar- 
teries or an alteration of the pulmonary arterial blood 
flow.--Charles W. Cooley, M.D. 


Tarsis, G. V., Por, N. D., and GREENBERG, A. 
Leng scanning following radioaerosol inhala- 
tian. Y. Nuclear Med., Feb., 1966, 7, 77-87. 
(From: Laboratory of Nuclear Medicine and 
Radiation Biology, School of Medicine, 
University of California at Los Angeles; and 
Department of Radiology, Los Angeles 
Ceunty Olive View Hospital, Olive View, 


Calif.) 


The authors describe the development of a safe 
radioaerosol inhalation procedure and lung scanning 
technique using standard respirator-nebulizer equip- 
ment and minute quantities of radioisotopes. The 
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various available radioaerosols are described along 
with their pulmonary radiation exposures and mode 
of absorption. Economically colloidal Au!’ is the 
most suitable agent. It is removed rapidly from the 
lung mainly by ciliary action and is not absorbed 
from either the lung or the intestine. However, be- 
cause its energy is so similar to I! it cannot be used 
on the same day with P“' HSA macroaggregates for 
combined studies of bronchial patency and regio al 
blood flow by lung scanning. For this purpose aero- 
sols of Hg"? chlormerodrin or Tc?™ labelled albumin 
are preferable. 

Correlating the experimental work in dogs with 
the observations made on 75 patients with various 
lung disorders, the authors came to the following 
conclusions: 

r. Under normal conditions the entire lung field is 
visualized indicating the patency of the lower 
bronchial tree. 

2. Complete obstruction of a major bronchus pro- 

duces absence of radioactivity in the region 

normally ventilated by this bronchus. 

. The amount of radioaerosol deposited in any 
given portion of the lung is not always propor- 
tional to the air flow to that region. Factors, 
other than diffusion, like particle size, sedimen- 
tation impaction, concentration of the aerosol, 
and rate of air movement play a very important 
role. When inhalation is performed with the 
subject in lateral position, greater amounts are 
deposited in the superior lung where ventilation 
and perfusion are reduced. 

4. With partial obstruction increased deposition 
of radioaerosol may occur at the obstruction 
site due to impaction, and the region beyond 
obstruction usually shows reduced level of ra- 
dioactivity. 

gs. Pulmonary embolism is not detected by inhala- 
tion technique but later when collapse of a seg- 
ment of lobe occurs, it will show reduced activ- 
ity. 

The radioaerosol inhalation procedure is a useful 

adjunct to bronchography and can be safely employed 

where bronchography 1s contraindicated.—~Surrendra 


K. Bansal, M.D. 
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SHEHADI, WittiamM H. Practical applications of 
liver scanning. Radiology, April, 1966, 8&6, 
726-733. (Address: Department of Radiol- 
ogy, United Hospital, Port Chester, N. Y.) 


A series of 134 patients examined by liver scanning 
is reviewed and the pertinent findings presented. Rose 
bengal I! and colloidal Au??? were the isotopes used 
for the study, with the choice of isotope and the pro- 
cedure employed depending upon the history and 
clinical findings. 

Aut? was used when the following determinations 
were to be made: (1) size, shape, contour, and posi- 
tion of the liver; (2) the presence of a space-occupy- 
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ing lesion, be it neoplastic, inflammatory, or other- 
wise; (3) the relation of an abdominal mass to the 
liver; and (4) the status of the liver, as part of a 
routine preoperative survey, in known cases of neo- 
plastic disease. 

Rose bengal I! was used for study of liver function 
and the differential diagnosis of jaundice. Also, liver 
scanning following the simultaneous injection of both 
these isotopes was performed in patients with known 
malignant disease in whom jaundice had developed. 

Aut was employed in go patients and Rose ben- 
gal [in 44-~a ratio of 2:1. Of these receiving Rose 
bengal P!, there was normal flow into the intestines 
in 11, and obstructed flow in 33. Two of these had 
partial obstruction to the flow of bile; the remaining 
31 were totally obstructed. Among the go patients 
receiving Auts, there were 47 normal and 43 abnor- 
mal scans. 

The results of the study together with the numeri- 
cal break-down of abnormalities are presented in 
tabular form.—Hlaward R. Stewart, M.D. 


CavaLierl, Rate R., Scorr, KENNETH G., 
and SAIRENJI, Eiko. Selenite (74 Se) as a 
tumor-localizing agent in man. Y. Nuclear 
Med., March, 1966, 7, 197-208. (From: 
Radioisotope Service, Veterans Administra- 
tion Hospital, San Francisco, and Radio- 
activity Research Center, University of 
California, San Francisco Medical Center, 
San Francisco, Calif.) 


Observations made by one of the authors (K.G.S.) 
on rats bearing sarcoma suggested that Se®™ selenite 
(SeO3*) concentrates selectively in the tumor. 

Using Se” labeled selenite in human, intracranial 
as well as intrathoracic and intra-abdominal neo- 
plasms were successfully localized by scintillation 
scanning, 

The doses of Se” ranged from 1.5 to 4 wey ky. given 
intravenously and the patients were scanned at inter- 
vals of 4 to 96 hours. 

The assays of specimens of tumors obtained at 
operation or autopsy revealed concentrations of Se™ 
ranging from 0.8 to 4.6 times the level of plasma. 

Distribution studies showed a relatively high con- 
centration of Se” in the liver and kidneys but a low 
concentration in the skeletal muscle. 

The total body radiation from a dose of 4 uc/kg. 
body weight calculated on the basis of average effec- 
tive T; of 43 days (for 75 per cent of the administered 
dose) was 1.14 rads. 

It has been stated that Se™ selenite may offer 
specific tumor localizing properties not found in 
other currently used agents. This agent appears to 
be useful in differentiating cerebrovascular from the 
other type of intracranial lesions.—dbbas M. 
Rejalt, M.D. 
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DeNarpo, Geran L., and Votre, JOSEPH A. 
Detection of bone lesions with the strontium- 
85 scintiscan, F. Nuclear Med., March, 1966, 
7, 219-236. (From: Radioisotope Service, 
Veterans Administration Hospital. Stanford 
School of Medicine, Palo Alto, Calif.) 


The authors reviewed their experience with 164 


Sr® bone scintiscans. These scans were performed in 


sO patients on $g occasions. 
Thirty-two of so patients had an abnormal bone 
scan. This included 17 with metastasis, 9 with osteo- 


myelitis, 2 with lymphoma, 2 with primary bone 
neoplasm, 1 with Gaucher's disease and 1 with 


Paget's disease. Fourteen of these patients had posi- 


tive scans and negative roentgenograms at the time 


of the scanning. 

The technique appeared to be valuable especially 
in the study of localized bone disease such as early 
bone metastasis and osteomyelitis and in differentiat- 
ing bone islands from osteoblastic metastasis. 

Also, preliminary remarks are made on the use of 
the whole body scanner, consisting of 2 above and 2 
ander the table scintillation detectors, as a rapid 
screening method for evaluation of skeletal disease 
and to obtain a count rate profile of the areas of in- 
creased Sr® concentration.--4bbas M. Rajali, M.D 


GOTTSCHALK, ALEXANDER, Harper, PauL V., 
Jiminez, Ferrcrano F., and PETASNICK, 
Jerry P. Quantification of the respiratory 
motion artifact in radioisotope scanning with 
the rectilinear focused collimator scanner and 
the gamma scintillation camera. 7. Nuclear 
Aled., April, 1966, 7, 243-251. (From: De- 
partment of Radiology, and the Argonne 
Cancer Research Hospital, University of 
Chicago, Chicago, Ill.) 


Unsharpness of the radiographic image as the re- 
sult of respiratory motion is a feature of a number of 
important radioisotope tests, including the liver 
scan. Using the Siemens “sign-wave phantom” which 
features alternate, radial, active and inactive rays, 
the authors reproduced respiratory motion with a 
moving platform system. The effects of motion of 
this system were tested on the radiographic images 
produced by a scintillation camera, a commercial 
rectilinear scanner, and a custom built high-speed 
rectilinear scanning system. In all cases, Tc? was 
used as the emitter. The effects of respiratory motion 
are well shown in reproduced scans made with the 
various Instrument systems, showing the phantom 
both at rest and moving. 

Improvement in radiographic quality of the scin- 
tillation camera image with a technique of suspended 
respiration is illustrated.—-Prederick F. Bonte, M.D. 


Davis, Tuomas P., and Marrone, Ronatp J. 
The hybrid radioisotope scanner. F. Nuclear 
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Med., Feb., 1966, 7, 114-127. (From: De- 
partment of Radiation Biology and Bio- 
physics, University of Rochester School of 
Medicine and Dentistry, Rochester, N. Y.) 


A radioisotope mapping system, intermediate in 
speed and complexity between a standard mechani- 
cal rectilinear scanner and a stationary camera-type, 
was developed in the authors’ laboratory. In this new 
device, the distribution of activity in the transverse 
direction across the subject is translated into a cor- 
responding distribution of detected events in a long 
rod-shaped detector. This latter distribution is then 
sensed electronically, The complete area map is gen- 
erated by mechanically moving the subject longitu- 
dinally, in a direction perpendicular to the long axis 
of the detector. Because of this combination of an 
electronically sensed transverse scan with a mechan- 
ical longitudinal scan, the instrument has been called 
the hybrid scanner. 

In ths paper, the authors discuss the operating 
orinciple and design of the hybrid scanner. The prin- 
ciple is based on the observation that when a scin- 
tillation event occurs in a long rod of fluor, the 
-ogarithm of the ratio of the fluorescent radiation 
duxes issuing from opposite ends of the rod, toa close 
approximation, is directly proportional to the posi- 
tion of the scintillation event in the direction parallel 
to the long axis of the rod. 

Several clinical scans are presented, including a 
brain scan made in go seconds under unusually fa- 
vorable conditions of high activity and high target- 
ro-nontarget specific activity ratio. The scanner has 
proved to be extraordinarily simple to align and 
operate, and has produced radioisotope maps of 
satisfactory quality in about one-half to one-fifth of 
the time required for a conventional rectilinear 
scan.—Surrendra K. Bansal, M.D. 


Horwitz, N. H., Lorsrrom, J. E., and For- 
SAITH, A. L. A comparison of clinical results 
obtained with a spark-imaging camera and a 
conventional scintillation scanner. Radiology, 
May, 1966, 86, 830-834. (Address: 3601 West 
13 Mile Road, Royal Oak, Mich.) 


The authors describe the use of a spark-imaging 
camera, the spintharicon, in over 75 patients in whom 
the thyroid gland was being evaluated. Spark images 
ebtained consecutively together with conventional 
scintiscans 24 hours after the administration of 100 
pe TP permitted the evaulation of the clinical useful- 
ress of this instrument. The results from this series 
cf patients indicated that the spark-imaging camera 
consistently produced distribution patterns of higher 
resolution and greater detail in about one-half the 
time required for a scintiscan, 

It was found that the gradation of tones available 
in the spark image permitted visualization of subtle 
features in the distribution pattern. The composition 
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of the spark image also more correctly displayed the 
true nature of the glandular structure and function 
than did the interrupted pattern of the line scan. 
Artifacts inherent in the scintiscan image, a conse- 
quence of the line-by-line process by which the image 
is constructed, are not evident with the use of the 
spintharicon since no scanning process is required. 

The principle of the spark-imaging camera is 
briefly discussed and the manner in which the camera 
is used 1s presented. 

The authors conclude that the simplicity, freedom 
from artifacts, and the low cost suggest that this 
may be an ideal instrument for applications where 
low-energy gamma emitters are employed.--Donald 


N. Dysart, M.D. 


Duccan, H. E., and Weyer, D. L. Poly- 
cythemia rubra vera and radioactive phos- 
phorus--go patients. 7. Canad. A. Radiolo- 
gists, March, 1966, 77, 4-9. (Address: Dr. 
Duggan, Director, Department of Radiology, 
Foothills Hospital, Calgary, Alberta, Can- 
ada.) 


A series of go patients with polycythemia vera 
treated with radioactive phosphorus is reported. 
Ninety per cent of the patients received 3 doses or 
less of P*, with average dose per treatment of about 
s me. Ít is stated that the dosage need not be in- 
creased if the phosphorus is given orally (J. Canad. 
A. Radiologists, 1962, 737, 81).* At the end of 10 years, 
70 of the go patients were still living. The most com- 
mon cause of death was thrombotic disease, but 3 
patients died of chronic myelogenous leukemia and 
myelofibrosis developed in ¢ patients who are still 
living. No cases of acute leukemia occured in the 
series. The authors feel that the late onset of myelo- 
fibrosis supports the theory that this represents a 
late stage of polycythemia. 

It is contended that the therapeutic effect of P” 
in polycythemia vera is due to fragmentation of the 
DNA molecule after incorporated P% transmutes to 
S% rather than to the accompanying beta radiation. 
As evidence for this they cite the fact that peripheral 
blood cultures irradiated with P® show a higher in- 
cidence of nuclear damage than do cultures treated 
with external irradiation.—E. 4. Franken, Fr., M.D. 


CHEMOTHERAPY 


FRECKMAN, Herman A., MENDEZ, FERNANDO 
L., Jr, Maurer, Ermer R., and Fry, 
Harry L. Chemotherapy for lung cancer in 
intra-aortic infusion. J.A.M.A., April 4, 
1966, 796, 5-10. (From: Departments of 
Oncology and Surgery, Christ Hospital and 
Bethesda Hospital, Cincinnati, Ohio.) 


* Remission time was noted to be longer in those patients 
receiving phlebotomies prior to administration of phosphorus. 
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The authors describe a method of administering 
g-fluorouracil and cyclophosphamide to tumor bear- 
ing areas in patients with bronchogenic carcinoma or 
metastatic lung cancer. 

A polyethylene catheter is positioned in the aorta 
just beyond the origin of the bronchial arteries. Con- 
tinuous infusions are then carried out for at least a 
period of 10 to 14 days. 

There were only minimal complications attributed 
to this technique. 

Both groups of patients exhibited similar survival 
times and durations of the objective response in 
bronchogenic carcinoma, while the objective response 
rate was 3 times higher in the cases of metastatic 
lung cancer.—Henry Haven, M.D. 


MISCELLANEOUS 


Mackay, Jonn S., and Ross, Roperick C. 
Hepatoma induced by thorium dioxide 
(thorotrast). Canad. M. A. F., June 18, 1966, 
Qf, 1298-1303. (From: School of Hygiene, 
University of Toronto, and Department of 
Pathology, St. Michael’s Hospital, Toronto, 
Ontario, Canada.) 


In spite of warnings of the oncogenic potential of 
thorium dioxide as early as 1932, widespread use of 
this agent in a variety of radiographic procedures con- 
tinued until about 1956. 

The authors describe a case in which the patient 
gave no history of thorium dioxide administration. 
Roentgen examination’ revealed multiple, irregular 
radiodensities in the spleen, liver, and mid-epigas- 
trium, and an osteolytic lesion in the sacrum. Micro- 
scopic studies of liver specimens showed portal cirrho- 
sis and necrosis. Hemorrhage, brown pigmentation, 
and fibrosis with much granular material were noted 
in the spleen. Autoradiography of the spleen revealed 
short linear tracks interpreted as alpha tracks, thus 
confirming the assumption that the roentgenographic 
densities and microscopic granular material was 
thorium dioxide. 

Most of the isotope remains in the body for life and 
forms aggregates of various sizes. Although this radio- 
active agent yields alpha particles of short range, 
such radiation has a high specifie :onization and the 
adjacent tissues receive large total amounts. 

It has become apparent that thorium dioxide in- 
duced tumors develop after long latent periods, 
Dahlgren having reported an average latent period 
for liver tumors of 18 vears, with a range of 3 to 34 
years. It is probable that more patients with these 
neoplastic lesions will be seen during another decade 
or so. 

It is, therefore, important to be aware of the 
condition and to be familar with the roentgen and 
histologic appearances, -Lotis Cowan Collins, M.D. 
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Bizzozero, Q. JOSEPH, JR., JOHNSON, KENNETH 
G., and Ciocco, Anrontio. Radiation-related 
leukemia in Hiroshima and Nagasaki, 1946~ 
1964: I. Distribution, incidence and appear- 
ance time. New England F. Med., May 19, 
1966, 274, 1ogs~tiot. (From: Atomic Bomb 
Casualty Committee, Hijivama Park, Hiro- 
shima, Japan.) 


This report summarizes the data of the Atomic 
Bomb Casualty Committee regarding detection and 
incidence of leukemia in Hiroshima and Nagasaki 
between 1946 and 1964. It affirms the role of ionizing 
radiation in leuakemogenesis. 

During the 18 year interval, 1,089 cases of leu- 
kemia were recorded, of which 738 patients were born 
prior to the bombings in August 1945. The distance 
in meters from the bomb’s hypocenter was used as an 
index of exposure. 

In the more heavily irradiated group (exposed 
within 1,500 meters} the appearance time of acute 
leukemia in patients under 30, and of chronic leu- 
kemia in all age groups, was more rapid than in the 
less heavily exposed group. It is hypothesized that 
age is a co-variable to distance in the appearance time 
of acute leukemia. 

Chronic granulocytic leukemia developed in heav- 
uv irradiated persons up to 29 years of age at the 
time of the bombings at a disproportionate rate as 


compared to the distally exposed and the pattern of 


spontaneous leukemia for this age group- Lots 
Cowan Collins, M.D. 


Conarp, R. A., Ratt, R. E., and Surow, 
W. W. Thyroid nodules as a late sequela of 
radioactive fallout in a Marshall island 
population exposed in 1954. New England F. 
Med., June 23, 1966, 274, 1391-1399. (From: 
Medical Research Center, Brookhaven Na- 
tional Laboratory, Upton, N.Y.) 


Pathologic changes in the thyroid gland attribut- 
able to radioactive fallout were detected in a number 
of Marshallese people. 

No thyroid pathology was noted in 200 individuals 
of a control group who were not exposed to the radia- 
tion. 

In the most heavily exposed population (175 rads 
whole-body gamma radiation) thyroid abnor- 
malities developed in over one-half of the children 
under the age of ro years. Five children had benign 
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adenomatous goiters, the one adult patient had a 
mixed papillary and follicular carcinoma with local- 
ized metastasis. 

The data indicate the caution needed with the 
clinical use of radiation, particularly in children.-— 


Lots Cowan Collins, M.D. 


Warp, Geraro M., Jounson, James E., and 
Witson, Danie W. Deposition of fallout 
cesium 137 on forage and transfer to milk. 
Pub. Health Rep., July, 1966, 87, 639-6485. 
(From: Department of Animal Science and 
Radiation Biology, Colorado State Uni- 
versity, Port Collins, Colo.) 


Cesium 137 is one of the most important con- 
taminants from fallout nuclear debris because of its 
long physical half-life and affinity for biologic sys- 
tems. Body burdens of this radionuclide in man re- 
sult principally from the food-chain sequence: air 
and precipitation to plants, plants to milk and meat, 
with dairy and beef cattle as the principal vectors 
between plants and man’s diet. Mathematical models 
describing the transport of radioactive fallout to 
milk, emphasizing strontium go, have been presented. 
The authors report their observations on the trans- 
port of cesium 137 in a controlled dairy ecosystem at 
Colorado State University. The study began in 1962 
and was carried out on a herd of 112 cows and an 
irrigated farm in a geographic region that would be 
classified as a dry area. 

Milk samples were collected from 12 cows on 
pasture and 100 cows fed on dry lot in 1962, 1963, 
and 1964. Concurrent samples of food intake and 
milk production from each cow, daily air samples, 
and samples of each rainfall were collected and 
analyzed for cesium 137 content. The deposition of 
cesium 137 in rainfall ranged from 300 to 7,000 pico- 
curies per square meter and on alfalfa hay from 60 to 
1,640 picocuries per square meter. Deposition co- 
eficients ranged from 0.06 to 0.37. The maximum 
levels of cesium 137 in milk from cows fed on pasture 
were about 200 picocuries per liter in 1962 and 1963, 
while the maximum levels in milk from cows fed on 
dry lot were about 170 picocuries per liter. Levels of 
cesium 1371n milk were lowered during the winter 
months because third-cutting hay with low cesium 
137 activity usually was fed to all the cows. Transfer 
coefficients, the percentage of ingested cesium 137 
found per liter of milk, were higher for high-grain 
diets (0.98) than for predominantly hay diets (0.24). 
-ather IW. Brady, M.D. 
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CHROMOSOME studies on women formerly employed 
as luminous-dial painters (ab), 266 
Crarworruy’s sign (ab), 514 
Conray 60 per cent and vacuum uterine cannula, 
hysterosalpingography with, 244 
Contrast agents, study of 3, in 2,234 intravenous 
pyelographies, 79 
medium, increased dosage of, in routine intra- 
venous urography, 77 


CORPUS CALLOSUM, agenesis of, angiographic findings 


in, 579 
radiologic detection of astrocytoma involving, 
STS 


CraNiar and intracranial lesions in neurofibromato- 
SiS, 550 
collateral pathways in stroke syndrome, 637 
Cysricercosis of central nervous system, roentgen 
study of (ab), 766 
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CYSTOURETHROGRAPHY, voiding, in children; use of 
rapid film changer, 192 
Cysts, arachnoid, primary, of sella turcica, 611 
cerebral leptomeningeal, of developmental ori- 
gin, §70 
traumatic extradural, of spine, 713 
CyroptaGnosis, oral, errors of: report of follow-up of 
1,801 patients (ab), 774 


Dentare ligaments, anatomic, myelographic and 
cinemyelographic study of, 704 

Dionosit aqueous, bronchographie agent, clinical 
and pathological reactions to, 468 

Divresis, high, factor in preventing vesicoureteral 
reflux (ab), 518 

Diverticuia, urethral, in women, zoo 

Dorcas A. Quick, 1891-71966 (E), 984 

Drip INFUSION PYELOGRAPHY, effect of, on renal 
function, 102 

its evaluation as routine examination, 96 

DucHENNE muscular dystrophy, increased thickness 
of fibula in, 744 

DurcoLax, further experience with, in barium enema 
examinations (ab), $15 

DYSPROTEINEMIA, idiopathic periosteal hyperostosis 
with: new clinical entity (ab), 767 


Faron agent pneumonia, roentgen features of, 300 
ECHOCARDIOGRAM: ultrasound technic for detection 
of pericardial effusion (ab), 258 
EDEMA, circumferential compression, arteriography 
in, 898 
EDITORIALS 
The Phenomenon of Extravasation and Its Re- 
lation to Acute Urinary Obstruction, 249 
Martin Schneider, M.D., 1913-1966, 251 
Electrical Impedance Spirometry, 497 
The Radiologist’s Responsibility for Neurora- 
diology, 754 
George W. Grier, M.D., 1882-1966, 757 
The Sixty-seventh Annual Meeting of the Amer- 
ican Roentgen Ray Society, 980 
Douglas A. Quick, 1891-1966, 984 
ELECTRICAL IMPEDANCE detection, tetrapolar, intra- 
thoracic volemic events by, 482 
spirometry (E), 497 
Emnotism, pulmonary, and pulmonary angiogram, 
observations on, 869 
Empuysema, lobar, infantile; report of two cases with 
unusual roentgenographic manifestation, 
384 
EnTEROPATHY, protein-losing: report of two new 
cases (ab), 514 
EprpHysts, slipped capital femoral, in renal rickets: 
report of three cases (ab), 263 
ESOPHAGUS, perforations and fistulae in course of ra- 
diotherapy of malignant tumors of (ab), 
1024 
EXHtpits, scientific, g87 
technical, 1000 
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FEMORAL arteries, superficial, stationary waves of; 
report of case occurring in patient with 
rheumatic heart disease and popliteal ar- 
terial emboli, got 

FinromuscuLar hyperplasia; an arteria: dysplasia of 
increasing clinical importance, 907 

FipRosARCOMA complicating bone infarction in cals- 
son worker: case report (ab), 264 

Fisrosis, idiopathic retroperitoneal (ab), 1019 

FisuLa, increased thickness of, in Duchenne muscu- 
lar dystrophy, 744 

Foor and ankle, limb-length discrepanev-after third- 
degree burns about: report of four cases 
(ab), 263 

FURNITURE POLISH ingestion, pulmonary complica- 
tions following; report of 21 cases, 323 


GALL-STONES, disappearing (ab), 260 

GANGLIA, intra-osseous, of bone (ab), 252 

Gas, retroperitoneal, studies and arteriography, di- 
agnosis of suprarenal mass lesions by, 215 

Gastric WALL, thickness of, determined by mega- 
voltage roentgenography (ab), $13 

GASTROINTESTINAL examination, oral cholangiogra- 
phy in combination with (ab), t020 

GENITOURINARY anomalies, and association of lum- 
bosacral spine, with imperforate anus, 181 

George W. Grier, M.D., 1882-1966 (E), 757 

GUIDESPRING, safety, for percutaneous cardiovascu- 
lar catheterization, 957 


Heap, horizontal laminography of, with ultra-sound 
(ab), 1014 

Heart disease, congenital, sign of: calcification of 
pulmonary artery and enlargement of right 
ventricle; Eisenmenger syndrome--pulmo- 
nary hypertension, increased pulmonary 
resistance, and reversal of blood flow, 369 

failure in infancy due to arteriovenous malfor- 

mation of vein of Galen; report of case, 653 

Hemaroma, perirenal, renal infarct with, 7 

Heparin, treatment with: wheezing due to pulmo- 
nary embolism (ab), $13 

Hepatroma induced by thorium dioxide (thorotrast) 
(ab), 1030 

Heo? CHLoRMERODRIN, effect of acute and chronic 
ureteral occlusion upon renal handling of, 
163 

Hickey Lecrure, 1966; glimpses through pulmonary 
window; interpretation of radiologic evi- 
dence in disorders of lungs, 2a 

HIGH ENERGY LASER pulses on primate liver, effect 
of (ab), 1025 

Hie joint, Paget’s disease of (ab), 767 

HopcKin’s DISEASE, some reflections of treatment 
and prognosis of (ab), 1022 

Hyprip radioisotope scanner (ab), 1029 

Hypromyetia and syringomyelia, roentgenologic 
findings in, 695 
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Hypronepurosis and hydroureter, nonobstructive, 
bee 
Hyperp.asta, fibromuscular; an arterial dysplasia of 
increasing clinical importance, 907 
Hyprrrension, portal, from idiopathic superior vena 
caval obstruction (ab), 770 
renal, pheochromocytoma causing, 222 
renovascular, excretory uregraphy in; minute 
sequence filming and osmotic diuresis, 114 
Hypocasrric (umbilical) artery, distal, obstruction 
of lower ureter by, 160 
HYPOPROTEINAEMIA, familial neonatal, with exuda- 
tive enteropathy and intestinal lymphan- 
giectasis (ab), 258 
Hyrornyrorpism, thyroidal I turnover in: correla- 
tion with thyrotropin responsiveness (ab), 
1026 
HYSTEROSALPINGOGRAPHY, lymphangiogram follow- 
Ing, 233 
uterine lymphogram following, 236 
with conray 60 per cent and vacuum uterine 
cannula, l4 


M7 human serum albumin, positive delineation of 
human tumors with (ab), §22 
p3 lung scans with, labelled macroaggregated hu- 
man serum albumin (MAA), 416 
[LioreEMORAL arteriosclerotic obstruction, ‘‘nonsur- 
gical” treatment of (ab), 771 
farrocenics (ab), 1025 
Invaney, asthma in (ab), $13 
heart failure in, due to arteriovenous malforma- 
tion of vein of Galen; report of case, 653 
Inrantice lobar emphysema; report of two cases 
with unusual roentgenographic manifesta- 
tion, 344 
INFERIOR VENA CAVA, cavography following plica- 
tion of, 888 
diversion of, into left atrium following atrial 
septal defect closure, 8§1 
INFLUENZA VIRUS, experiments with, cytodiagnosis 
and pathogenesis of lung tumors and: op- 
tical and electron microscopic studies (ab), 
Ios 
INTERNAL CAROTID ARTERY (arteria tentor), ten- 
torial branch of; report of three cases, 595 
Intestinal scleroderma, malabsorption in: correc- 
tion by antibiotics (ab), 1018 
InrRACRANIAL and cranial lesions in neurofibroma- 
tosis, $50 
arteriovenous malformations, skull changes as- 
sociated with, §25 
lesions, reliability of scintillation scanning for 
detection of (ab), 1026 
space-occupying lesions, diagnosis of, by asso- 
ciation of gamma-encephalography and 
echo-encephalography (ab), 1014 
structures, dynamic displacements of, simulat- 
ing mass lesions, $35 
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tumors, differentiation of extrinsic from intrin- 
sic, with particular reference to posterior 
fossa tumors, $42 
InrratHoracic volemic events by tetrapolar elec- 
trical impedance detection, 482 
INTRAUTERINE TRANSFUSION by multiple-needle 
technique (ab), 516 
roentgenologic aspects of (ab), 516 
[ODINE-131, placental scanning with (ab), 516 
lopizeD OIL, venous intravasation of, during myelog- 
raphy; report of case with roentgenologic 
evidence of contrast medium in iliac veins 
and in lungs, 720 
TsopaQue 60 per cent and urografin 76 per cent in 
angiocardiography, osmotic effects of, 922 
Isorope brain scanning, post-angiography; positive 
or negative?, 672 


KIDNEY, metastatic tumors in (ab), 261 

Kuirpe.-TrRenatnay syndrome, roen tgenologic con- 
tribution to pathogenesis of (ab), 262 

Kee arthrography in children, value of (ab), 266 

KypHosis, adolescent (Morbus Scheuermann), con- 
tribution to (ab), 264 


LAMINAGRAPHIC studies of vascular patterns in can- 
cer of lung with special reference to “‘cir- 
cumscribed” variety, 397 

Laminocrapny, horizontal, of head with ultra-sound 
(ab), 1014 

LEPTOMENINGEAL cysts, cerebral of developmental 
origin, $70 

LEUKEMIA, radiation-related, in Hiroshima and 
Nagasaki, 1946~1964: I. Distribution, inci- 
dence and appearance time (ab), 1031 

LipocaLciGRANULomATosis, familial form of, with 
arterial calcinosis (ab), 26g 

Lipoma, subpleural, roentgen diagnostic observation 
In, 465 

Lipomarosis, mediastinal, secondary to steroid ther- 
apy, 461 

Liposarcoma of extremities and limb girdles: study 
of two hundred twenty-two cases (ab), 520 

Liver and pancreas, tomography of, with combined 
pneumoperitoneum and retropneumoperi- 
toneum (ab), 1019 

primate, effect of high energy laser pulses on 
(ab), 1025 
scanning, practical applications of (ab), 1028 

Losar emphysema, infantile; report of two cases 
with unusual roentgenographic manifesta- 
tion, 354 

LuMINous-DIAL painters, chromosome studies on 
women formerly employed as (ab), 266 

Lune abscess (ab), 1017 

cancer, chemotherapy for, in intra-aortic infu- 
sion (ab), 1030 

cancer, measurable proved, in relation to growth 
rate, survival of men with, 404 

cancer of, laminagraphic studies of vascular pat- 
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terns in, with special reference to “circum- 
scribed” variety, 397 
disseminated interstitial diseases of (ab), 1OLS 
lesions, peripheral, bronchial brushing in diag- 
nosis of, 474 
noninfectious necrotizing granulomatosis of; 
Wegener's syndrome (ab), 1016 
scan, reaction following administration of mac- 
roaggregated albumin (MAA) for, 427 
scanning following radioaerosol inhalation (ab), 
1027 
scanning—-technique and some diagnostic uses 
(ab), 1027 
scans with I labelled macroaggregated human 
serum albumin (MAA), 416 
tumors, cytodiagnosis and pathogenesis of, and 
experiments with influenza virus: optical 
and electron microscopic studies (ab), 1018 
Luncs and pleura in rheumatoid arthritis, 334 
disorders of, interpretation of radiologic evi- 
dence in; glimpses through pulmonary win- 
dow; Hickey Lecture, 1966, 269 
LymMpHanciocram following h ystercsalpingography, 
=33 
LyMpHANGIOGRAPHY, improved, simple technique of, 
945 
improved technique of, 952 
L.YMPHOGRAM, uterine, following h vsterosalpingogra- 
phy, 236 
complications encountered in 522 examinations 
(ab), 772 
complications of (ab), 771 
errors in (ab), 769 
In patient with nonreactive tuberculosis, 436 
pulmonary oil deposition in patients subjected 
to: detection by thoracic photosean and 
sputum examination (ab), 1015 


Macroaccrecarepd albumin (MAA), reaction fol- 

lowing administration of, for lung scan, 427 
human serum albumin (MAA), lung scans with 

Pèt labelled, 416 

Martin Schneider, M.D., 1913-1966 (E), 251 

Mastecromy, radical, swelling of arm following (ab), 
$21 

MecGaco on in adults (ab), s14 

MeGasiGmoip syndrome in psychotic patients (ab), 


Yee; 
«3G 

MENINGO-HYPOPHYSEAL trunk, roentgenology of, 
§83 


Merecury-1g7 and mercury-203 chlormerodrin for 
evaluation of brain lesions using rectilinear 
scanner and scintillation camera (ab), 1026 
chlormerodrin and mercury-203 chlormerodrin, 
comparative study of, for brain scanning 

(ab), $21 
Merisoprot Hg 197, splenic scintiscans with: new 
radioactive pharmaceutical agent (ab), 522 
MeTHYLGLUCAMINE diatrizoate (renografin), sub- 
clavian injection of, blood pressure changes 
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induced by, 914 

METHYSERGIDE therapy, fibrotic disorders associated 
with, for headache, 259 

Morsus SCHEVERMANN, contribution te adolescent 
kyphosis (ab), 264 

Museutar pystropny, Duchenne, increased thick- 
ness of fibula in, 744 

MyELOGRAPHY, venous iIntravasation of iodized oil 
during; report of case with reentgenologic 
evidence of contrast medium in iliac veins 
and lungs, 720 

Myetoma, sclerotic lesions of bone in (ab), 768 


NASOPHARYNGEAL cancer, radium source apphance 
for treatment of (ab), 1024 
NEPHROTOMOGRAPHY, value of, in differential diag- 
nosis of abdominal masses, 935 
NEUROFIBROMATOSIS, $57 
cranial and intracranial lesions in, gs0 
NEUROPATHY, peripheral, radiation-induced (ab), 
766 
NEURORADIOLOGY, optic canal in (ab), 530 
radiologists’ responsibility for (E), 754 
NEWBORN, asphyniating thoracic dystrophy of, 358 


Optic CANAL in neuroradiology (ab), 510 

ORTHODIAGRAPHIC shift pelvimetry (ab), $15 

OsTEOPOROSIS, scurvy, and siderosis in Johannesburg 
Bantu (ab), 263 


Pacer’s disease of hip joint (ab), 767 

PAGET-VON ScurOTTER syndrome; angiographic fea- 
tures of primary venous obstruction of up- 
per extremity, 388 

Parorip masses, sialography in differential diagnosis 
of (ab), $11 

PeGcot-CRUVEILHIER-BAUMGARTEN syndrome (ab), 
77 

PeLvic angiography and lymphangiography in eval- 
uation of patient with carcinoma of cervix 
(ab), 1023 

PeLvimertry, orthodiagraphic shift (ab), s15 

PERICARDIAL EFFUSION, angiocardiographic diagno- 
sis of, 874 

ultrasound technic for detection of: echocardio- 

gram (ab), 258 

PeriosteAL hyperostosis, idiopathic, with dyspro- 
teinemia: new clinical entity (ab), 767 

PERIPELVIC extravasation during intravenous urog- 
raphy, 41 

PHARYNGEAL-vertebral anastomosis, ascending, $99 

PHENACETIN overdosage, radiologic observations as- 
sociated with (ab), 519 

PHEOCHROMOCYTOMA, angiography of, 225 

causing renal hypertension, 222 

PHOTOFLUOROGRAPHY installation, battery-operated, 
mounted in vehicle-~initial trial (ab), 265 

PHorocrapnHic spot films and radiographic spot 
films, g61 

PHOTOSCANNING, radioisotope, in pulmonary disease 


(ab), 521 


Subject Index to Volume 98 1037 


Prrvirary adenomas, extrasellar extension of; clin- 
ical and neuroradiological considerations, 
616 
tumors, symposium on: [. clinical management 
and results of treatment of chromophobe 
pituitary adenoma (ab), 1020 
tumors, symposium on: IT. radiology in diagno- 
sis and management (ab), r021 
tumors, symposium on: HHI. historical aspects of 
radiotherapy, present treatment technique 
and results (ab), ro21 
tumors, symposium on: TV, unusual pathological 
features (ab), 1022 
PLacENTA, opacification of amniotic fluid for locali- 
zation of (ab), 516 
PLACENTAL scanning with todine-131 (ab), 516 
PLASMA CELL pneumonia; Pneumocystis Carini 
pneumonia; roentgenographic, pathologic 
and clinical correlation, 318 
PLecvraAt calcification as sign of silicatosis (ab), 258 
PNEUMOCYSTIS CARINIT pneumonia (plasma cell 
pneumonia); roentgenographic, pathologic 
and clinical correlation, 318 
PNEUMOENCEPHALOGRAPHY, upright planigrams in, 
749 
PNEUMOGRAPH, impedance, application of, to chest 
roentgenography; useful medical by-prod- 
uct of space program, 487 
PNeuMoGRaPHY, orbital (ab), g10 
PNEUMOMEDIASTINOGRAPHY, 451 
PNeumonia, Eaton agent, roentgen features of, 300 
Pneumocystis Carini (plasma cell pneumonia); 
roentgenographic, pathologic and clinical 
correlation, 318 
varicella, roentgenographic manifestations of, 
with postmortem correlation, 305 
Po.yeyTHEMIA rubra vera and radioactive phos- 
phorus—go patients (ab), 1030 
Porta. VENOUS system, and bile ducts, visualization 
of (ab), 260 
Posterior fossa tumors, differentiation of extrinsic 
from intrinsic intracranial tumors with par- 
ticular reference to, 542 
pituitary extract, angio-renographic studies in 
oestrone-pretreated adrenalectomized and 
hypophysectomized rats following admin- 
istration of (ab), 520 
PRESIDENT’S ADDRESS; problems in radiology of to- 
day and future, 777 
Prosrare and urinary bladder floor veins, roentgeno- 
graphic exploration of; periprostatic phle- 
bography: new method, 208 
Prorein-losing enteropathy: report of two new cases 
(ab), 514 
PseubosTenosis of renal artery, 143 
PsEuDOVASCULAR ring resulting from right lung 
agenesis, normal aortic arch, and patent 
ductus arteriosus; case report, 365 
Psycuoric patients, megasigmoid syndrome in (ab), 
259 
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Pu_monary artery, calcification of, and enlargement 
of right ventricle; sign of congenital heart 
disease; Eisenmenger syndrome—pulmo- 
nary hypertension, increased pulmonary re- 
sistance, and reversal of blood flow, 369 

complications following furniture polish inges- 
tion; report of 21 cases, 323 

disease, radioisotope photoscanning in (ab), (23 

edema, acute interstitial, 291 

edema, lateral roentgenogram in, 279 

embolism, amniotic, nonfatal, 434 

embolism and pulmonary angiogram, observa- 
tions on, $59 

embolism, wheezing due to: treatment with 
heparin (ab), 513 

histoplasmosis, roentgen diagnosis of (ab), ¢12 

manifestations of tuberous sclerosis, 73. 

oil deposition in patients subjected to lymphog- 
raphy: detection by thoracic photoscan and 
sputum examination (ab), 1017 

parenchymal findings in blunt trauma to chest, 
343 

venous drainage, total anomalous, into azygos 
vein, 37! 

window, glimpses through; interpretation of ra- 
diologic evidence in disorders of ungs; 
Hickey Lecture, 1966, 269 

PyELOGRAM, intravenous, changes on, in renal artery 
disease, 107 

urea washout test, normal; study of 33 normo- 
tensive controls, 88 

PyELOGRAPHIES, Intravenous, study of 3 contrast 
agents in 2,234, 79 

PyreLocrapuy, drip infusion, effect of, on renal func- 
tion, 102 

drip infusion; its evaluation as routine examina- 
tion, 96 
infusion, in renal insufficiency (ab), $17 


Quick, Douglas A., 1891-1966 (E), 984 


Rapration-induced peripheral neuropathy (ab), 766 
ionizing, detection of effects of, by population 
studies (ab), 265 

Raproacrive phosphorus and polycythemia rubra 

vera-~go patients (ab), 1030 

Raproaerosot inhalation, lung scanning following 

(ab), 1027 
Raprocraruic spot films and photographic spot 
films, 961 
RADIOGRAPHY, colored, investigations in, 966 
Raprorsorope photoscanning in pulmonary disease 
(ab), $21 
scanner, hybrid (ab), 1029 
scanning, quantification of respiratory motion 
artifact in, with rectilinear focused collima- 
tor scanner and gamma scintillation camera 
(ab), 1029 

Rapio.ocic detection of astrocytoma involving cor- 

pus callosum, $75 
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evidence, interpretation of, in disorders of lungs; 
glimpses through pulmonary window; Hick- 
ey Lecture, 1966, 269 
examination of cardio-esophageal junction in 
profile (in upright position, with trunk bent 
and in decubitus position) (ab), 1018 
methods for early recognition; brain abscess in 
children, 675 
observations associated with phenacetin over- 
dosage (ab), ¢1g 
RaproLocist’s responsibility for neuroradiology (E), 
754 
Rapro.ocy, critical assessment of importance of, in 
investigation of renal vascular hypertension 
(ab), 517 
of today and future, problems in; President’s 
address, 777 
RADIOTHERAPY, importance of biology in (ab), 1024 
of malignant tumors of esophagus, perforation 
and fistulae in course of (ab), 1024 
Rabtum source appliance for treatment of nasophar- 
yngeal cancer (ab), 1024 
Rena agenesis and dysgenesis, angiography of, 137 
angiography, subtraction technique in (ab), 773 
artery aneurysms, 132 
artery disease, changes on intravenous pyelo- 
gram in, 107 
artery, pseudostenosis of, 143 
colic causing perinephric abscess, sponteanous 
urinary extravasation associated with, 47 
colic, urography during (ab), 261 
extravasation, spontaneous, during intravenous 
urography, 27 
function, effect of drip infusion pyelography on, 
102 
handling of Hg* chlormerodrin, effect of acute 
and chronic ureteral occlusion upon, 16 
hypertension, pheochromocytoma causing, 
infarct with perirenal hematoma, 70 
infarctions, subtotal, 63 
insufficiency, infusion pyelography in (ab), 517 
lesion of tuberous sclerosis, roentgenographic 
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pelvis, spontaneous rupture of, $4 

rickets, shipped capital femoral epiphysis in: re- 
port of three cases (ab), 263 

trauma, roentgenologic evaluation of, with em- 
phasis on renal angiography, 3 

vascular hypertension, critical assessment of im- 
portance of radiology in investigation of 
(ab), $17 

vascularity in dogs, effects of angiotensin on, 
927 

vein thrombosis, roentgen diagnosis of; clinical 
aspects, 122 

Renovascutar hypertension, excretory urography 

in; minute sequence filming and osmotic 
diuresis, 114 


Ruaspomyosarcoma in children, pathology of 


fab}, 1026 
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RHEUMATOID ARTHRITIS, lungs and pleura in, 334 
scintillation scanning in (ab), 523 
RIGHT MIDDLE LOBE syndrome in children (ab), 1016 
RoentGeNn diagnosis of pulmonary histoplasmosis 
(ab), $12 
diagnosis of renal vein thrombosis; clinical as- 
pects, 122 
diagnostic observation in subpleural lipoma, 465 
features of Eaton agent pneumonia, 300 
study of cysticercosis of central nervous system 
(ab), 766 
RoENTGENOGRAM, lateral, in pulmonary edema, 279 
RoeNTGENOGRAPHIC exploration of prostate and uri- 
nary bladder floor veins; periprostatic 
phlebography: new method, 208 
findings in renal lesion of tuberous sclerosis, 739 
manifestation, unusual, report of two cases 
with; infantile lobar emphysema, 354 
manifestations of complications secondary to 
cerebral ventricular-cardiac atrial shunts, 
638g 
manifestations of varicella pneumonia with post- 
mortem correlation, 305 
RoenTGENOGRAPHY, chest, application of impedance 
pneumograph to; useful medical by-prod- 
uct of space program, 487 
megavoltage, thickness of gastric wall deter- 
mined by (ab), 513 
RoOENTGENOLOGIC aspects of intrauterine transfusion 
(ab), 516 
changes in uterine isthmus insufficiency, 239 
contribution to pathogenesis of Klippel-Tren- 
aunay syndrome (ab), 262 
evaluation of renal trauma with emphasis on 
renal angiography, I 
findings in syringomyelia and hydramyelia, 695 
RoENTGENOLOGY of meningo-hypophyseal trunk, 583 


SCHNEIDER, Martin, M.D., 1913-1966 CE), 251 

SCIENTIFIC exhibits, g87 

Scurvy, osteoporosis, and siderosis in Johannesburg 
Bantu (ab), 263 

SELENITE (74 Se) as tumor-localizing egent in man 
(ab), 1028 

SELLA TURCICA, changes of, in chromophobic ade- 
nomas and eosinophilic adenomas (ab), $10 

primary arachnoid cysts of, 611 

SEALOGRAPHY in differential diagnosis of parotid 
masses (ab), çi 

SIDEROSIS, scurvy, and osteoporosis in Johannesburg 
Bantu (ab), 263 

Sinicatosis, pleural calcification as sigr. of (ab), 258 

Sinus of Valsalva aneurysms (ab), 253 

SIXTY-SEVENTH annual meeting of American Roent- 
gen Ray Society (E), 980 

SkuLL changes associated with intracranial arterio- 
venous malformations, §25 

SPARK-IMAGING CAMERA and conventicnal scintilla- 
tion scanner, comparison of clinical results 
obtained with (ab), 1029 
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Spese, lumbosacral, and genitourinary anomalies 
with imperforate anus, association of, IBI 
traumatic extradural cysts of, 713 
tuberculosis of, chemotherapy of (ab), 523 
Sprrometry, electrical impedance (E), 497 
SpLeNic scintiscans with merisoprol Hg 197; new ra- 
dioactive pharmaceutical agent (ab), §22 
SPEENOPORTOGRAPHY, possibilities for incorrect diag- 
nosis in (ab), 769 
Spor FILMS, photographic, and radiographic spot 
films, 961 
STATIONARY WAVES of superficial femoral arteries; 
report of case occurring in patient with 
rheumatic heart disease and popliteal ar- 
terial emboli, 90! 
STEROID therapy, mediastinal lipomatosis secondary 
to, 461 
STROKE, aneurysm as cause of, 647 
syndrome, cranial collateral pathways in, 637 
STRONTIUM-8¢ scintiscan, detection of bone lesions 
with (ab), 1029 
SUBCLAVIAN ARTERY, occlusive disease of (ab), 770 
SURTRACTION technic: video and color methods (ab), 


ee 


Pha 
technique in renal angiography (ab), 773 
SUPERIOR VENA CAVAL obstruction, idiopathic, portal 
hypertension from (ab), 77 
syndrome due to tuberculosis; report of three 
cases, 440 
SUPRARENAL mass lesions, diagnosis of, by retro- 
peritoneal gas studies and arteriography, 
2i% 
SUPRAVALVAR aortic stenosis; roentgen analysis of 
twenty-seven cases, 782 
SUPRAVALVULAR aortic stenosis, 822 
SYRINGOMYELIA and hydromyelia, roentgenologic 
findings in, 695 


Trennicat exhibits, 1000 

Terraro.ar electrical impedance detection, intra- 
thoracic volemic events by, 482 

THerAcic aorta, an aid in diagnosis of dissecting an- 
eurysm of: catheter position, 836 

dystrophy, asphyxiating, of newborn, 358 
outlet, arteriographic demonstration of compres- 

sion syndromes of (ab), 766 

Tuyrorp nodules as a late sequela of radioactive 
fallout in a Marshall island population 
exposed in 1954 (ab), 1031 

THyroar 3I turnover in hypothyroidism: correla- 
tion with thyrotropin responsiveness (ab), 
1026 

TomoGraruyic exploration of abdominal viscera by 
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INTERSCAPULOTHORACIC AMPUTATION FOR PAROSTEAL OSTEOGENIC SARCOMA, RIGHT HUMERUS 


-T files. . 





Figure 1. (Prebiopsy) Raciographic study disclosed extensive cuff-like, ir 
ular calcification surrounding the proximal humerus with inve 
ment and increasing density of the adjacent bones. 
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Vol. 14, Nos, April, May (1925) Vol, 20, Nos. July thra December (1928) 
Vol. 14, Nos. July, Sept., Oct., Dec. (1925) vol? Nox. January thru June (1929) 
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Vol. 16, Nos. July thru December (1926) 
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Vol. 27° Nos. 1:6 (Jan sJune) 1932) The American Journal of Roentgenology, 
Vol. 28, Nos. 
Val. 29, Nos. 
Val. 30, Nos. 
Val. 31, Nos. 
Vol. 32, Nes. 
Vol. 33, Nos. 
Vol, 34, Nos. 
Vol. 35, Nos. 
Vol. 46, Nas, 
Vol. 37, Nos, 
Vol 38, Nos. 
Vol. 39, Nos, 
Vol. 40, Nos. 
Vol. 4i, Nos. 
Vol, 42, Nos. 
Val. 43, Nos. 
Vol. 44, Nos. 
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Vol. 32, Nos. 
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G (Feb. -June 1943) Vol. 84, Nos. 
-$-6 (April- ee 1944) Vol 8%, Nos. 
2 {July-Aug. 1944) Vol. 86, Nos. 


3, 4, 5, 6 (1952) 
6 Ine lusive (July-Dee. 1952 


w 


2. 4, 6 (1953) 

£ Inclusive (July-Dec. 1953) 
-6 Inclusive (Jan.-June 1954) 
-6 Inclusive (July-Dec, 1934) 
-5 Inclusive (Jan.-June 1958) 
-6 Inclusive {(July-Dec. 1955} 
-6 Inclusive (fan. June 1956) 
3.4.56 (1956) 

G Inclusive (Jan.-June 1937) 
-6 Inclusive (July-Dec, 1957) 
-6 Inclusive ans -June 1958) 
-G Tnelusive (Juiy-Dec. 1958) 
-5 (Apni, May 1959) 

2-4-6 (1959) 

-¢ Inclusive (Jan.-June 1960) 
-G Inclusive (July-Dec. 1960) 
-G Inclusive (Jan.-June 1961) 
-6 Inclusive (July-Dec. 1961} 


ey 


2, Nas. 
4, Nos. 
i 


AUP E E A cet e eek paa Be teh aed E 


PE pP ha A SPa to E TO T me m TAES E I es eee ee te e 
a 1 ` A 
me 
oot bee pet 


Vol. $4, Nos. 2-6 fAug.-Dec. 1945} Vol, 87, Nos. i-G Inclusive (Jan,-June 1962) 
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When time counts—count 
on Barnes-Hind Barotrast 


(SPECIALLY COMPOUNDED, MICRONIZED FORM OF BARIUM SULFATE) 





om 


technicians | radiologists| patients 
save time | save time | save time 





Barotrast" doesn't settle—stays The superior coating deposited Less reliable media may require 
in suspension all day. A day's by Barotrast" minimizes unnec- repeat studies; Barotrast’s de- 
supply may be prepared in ad- essary retakes and saves a pendability saves patients’ time. 
vance, saving technician's time. good deal of time and film. 


Barotrast” is the original high-density barium product for unsurpassed delineation. It suspends easily— 
and stays in suspension. Coverage is complete. Coating is thin, elastic, tenacious. Flow is steady, consistent, 
columnar. ™® Count on the Barnes-Hind Pneumocolon® to save additional time. It is a positive-flow device 
that allows barium-air contrast studies of the colon in one simple procedure. 


BARNES-HIND BARIUM PRODUCTS 
SUBSIDIARY OF BARNES-HIND PHARMACEUTICALS, INC. 


Sunnyvale, California ©1966 BARNES-HIND BPA 105-7 
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HALSEY 
RIGIDFORM 


The ideal cassette for 
average use .. . rugged 
and precise . .. sets the 
standard of perform- 
ance for its class, 





HALSEY 


WAFER 
The thin, lightweight 
cassette — almost 30% 
thinner, 20% lighter 
than conventional 
models—yet is actually 
more rugged! 





HALSEY 
TITAN 


Most rugged cassette a 
all — designed to stan 
up under service whic 
would destroy contac 
or alignment in an ord 
nary cassette.... 
must for heavy-dut 
conditions! 


Color-coded phototiming and grid models 
available for all types; write for litera- 
ture on the complete Halsey Cassette line. 
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“Silent” gallbladd k clearly to radiologists 
| Hent gailbdiadders...speak clearly to radiologis | 
Cholecystography consists of radiologic ex- good visualization means a functioning gall- | 
| t f ) é 5 D 5 
amination following the oral administration bladder and you can depend on this diagnosis. | 
| of a radiopaque agent (such as TELEPAQUE®) But this is only one of the numerous precise | 
| which is excreted by the liver piy ij bile, radiodiagnostic procedures — many of them | 
| and is concentrated in the gallbladder. This perfected during the last few years — now pro- 
concentration provides t lighly ili oie gall- vided by radiologists who can be of invaluable | 
| bladder shadows and often obtainable clear assistance to you and your practice. | 
lefinition of the ducts. Evidence indicate R g 
| l inition of A e se ts. Si den t jic “tn Usual dosage of TELEPAQUE—3 Gm. (6 tab- | 
( ( "J r 1\ snou e ou Ine AC { a ; A 5 e 7 : 
| cholecystography ieee K ie ie Jets) at night after a light Supper. | 
tion to any gastrointestinal “work-up” you ` 
A ae ee » Tablets are supplied in envelopes of 6, in 
| order for your patient, to help unmask “silent | 
boxes of 5 and 25 envelopes 
| gallstones or other gallbladder pathology. sith Pe ts. ee ee | 
. . ' ° ii j ‘ide Effects y omit hi : a 
The single most important attribute of any Side Effects are usually mild, and may in 
| cholecystographic contrast sei is its accu- Clude nausea, vomiting, diarrhea, cramps, | 
| racy in diagnosing biliary tract disease. From headache, dysuria and, rarely, skin rash, urti- | 
this standpoint, TELEPAQUE provides the Caria, pruritus, flushing. 
| highest degree of diagnostic accuracy, usu- Contraindications are acute nephritis, uremia, 
| ally with only one dose, and one examination. and gastrointestinal disorders which prevent | 
| Nonvisualization means gallbladder disease; absorption of the medium. | 
| AJ: ) IROP LABORATORIES 
| Winthrop PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS wv et w York, N. sh 10016 | 
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with Telepaque® (iopano c acid) 
visualization means a functioning gallbladder 
nonvisualization means gallbladder disease” 


“Silent” and “Vague” gallbladders often present diagnostic problems 


Diseased gallbladders can be clinically “silent” or “vague” with confusing signs and 
symptoms, particularly cholecystitis without cholelithiasis. Both require the highest 
degree of diagnostic accuracy. (Of course, those with classic, readily diagnosable 
symptoms do not presenta problem.) Autopsies indicate that approximately eleven 
per cent of the population in the United States have gallstones!' While females in the 
“AE” category—fair, fat, forty and fertile—are the mast frequent victims, the disease is 
also quite common in males. Delay in diagnosis with resultant delay in employing 
appropriate measures, according to one authority,? “are fraught with 

disastrous results for the patient.” 


“High diagnostic accuracy makes Telepaque the contrast agent of choice” 


This is why TELEPAQUE with its unexcelled record of accuracy of 98.3% 
to 100% in large scale studies, has long been the oral contrast agent of choice 
in cholecystography and cholangiography. 

TELEPAQUE helps you to establish the functional status of the gallbladder based 
on the concentration of the medium in the gallbladder—rather than by a 
passive filling of the organ by the agent. This highly important diagnostic 
attribute has been widely demonstrated by the superb degree of contrast 
obtained with TELEPAQUE often with only a “one dose, one examination” routine, 
so that visualization means a functioning gallbladder, nonvisualization means 
gallbladder disease. And you can depend on what yaur films show. 


FOR COMPLETE PRESCRIBING INFORMATION, CONSULT THE PACKAGE INSERT. 


Side Effects: TELEPAQUE has low toxicity, and side effects are usually mild. 
Gastrointestinal effects (diarrhea, cramps, nausea, vomiting) are the most 
common. Usually the diarrhea is mild, consisting merely of a few loose Stools, 
although in isolated cases it may be severe. Other side effects reported 
include dysuria (stinging or pain on micturition), headache and, on rare 
occasions, skin rash, urticaria, pruritus, and flushing. 


Contraindications: Acute nephritis, uremia, and gastrointestinal disorders that 
prevent absorption of the medium. 


Supplied: Tablets of 500 mg., envelopes of 6 tablets, boxes of 5 and 25 envelopes; 
also bottles of 500. 


1. Newman, H. F., and Northup, J. D.: Internat. Abst. Surg. 109:1, 1959. 


2. Weiss, S. (New York Polyclinic Medical School and Hospital): Clinical Lectures on the Gallbladder, 
Yearbook Publishers, Chicago, 1944, pp. 137, 149, 229. 
*An extraordinary high degree of accuracy has been achieved with Telepaque in studies involving large 
series of patients; however, unusual causes of nonvisualization other than gallbladder disease also exist. 


| T | ` for precise oral cholecystography 
i e epaque and cholangiography 
brand of Ñopanoic acid 


pis i WINTHROP LABORATORIES 
(Winthrop) PIONEERS IN PRODUCTS FOR RADIOLOGIC DIAGNOSIS New York, N.Y. 10016 


YE AR S of integrity have helped us 
28 to become America's largest buyers of 


USED X-RAY FILM 


® We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


® We remit in advance if desired, or promptly after receipt 
and tally of the value. 


® Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 











Subscube today to 


THE JOURNAL OF THE CANADIAN 
ASSOCIATION OF RADIOLOGISTS 


published quarterly: March, June, September and De- 
cember. It is the official organ of The Canadian 
Association of Radiologists. 


Price $5.00 per annum in Canadian or equivalent funds. 








The Canadian Association of Radiologists, 


1555 Summerhill Avenue, 


Montreal 25, Quebec, Canada 


Please enter my subscription to the JOURNAL OF THE CANADIAN ASSOCIATION OF RADIOLOGISTS, for which my cheque 


is enclosed, 


Name sadnite manea (data ah BieMEL AI ces eee alh See Reo E NE T E AEE Eg ave te E E E ¢ aatiench i umanel 
(Please print) : 
Address Se LE Ea a eee e TER e 8 ale ee E T A A E a E a a a A A 6 e Wie leg A AENEA EEE ES T 
Pinas me = =  # Ce a ee ea 
City 


Pea ana Nee. 3 Wiis a aa a a eae Province or State 


xlviii 


: 
N 
d 





in Gevaerts modern laboratories all ingredients, from raw materials to 
finished film, are carefully, constantly tested. And, every step in manu- 
facture must meet the most exacting quality-control standards. This, plus 
constant research and development, is why Gevaert today brings you as 
fine and fast a film as dedicated technicians can produce. No doubt about 


it: Gevaert film will enlighten your view box with radiographs of gratifying 


brilliance and clarity. Seeing is believing. 


GEVAERT 


X-RAY FILM 





Exclusive Distributors: 
LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


McKeesport, Pa. @ New Orleans @ Omaha © Philadelphia @ San Francisco @ Sioux City @ (Nationwide Warehousing) 
Other Offices: Atlanta @ Ctleago @ Dallas @ Denver @ Detroit @ Houston @ Los Angeles @ Louisville, Ky. @ 
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ergency care are your assurance that Westinghouse 
entinal Service can prevent equipment breakdown 
id case load back-up in your Radiology Suite. 











Westinghouse 

planned equipment protection 
keeps your X-Ray Department 
in continuous operation. 





Westinghouse Sentinal Service™ is a complete X-Ray equipment care 
service. It’s designed to keep your Radiology Department operating 
without costly interruptions —and tailored to your budget. 


With one moderate, budgeted business expense you protect the life and 
reliability of your equipment. You head off the critical problems of case Ic 
back-up. And you rid yourself of the responsibility for equipment 
maintenance 


Westinghouse Sentinal Service gives you a planned protection program 
that features regularly scheduled equipment inspection and care. 
Emergency repair, too—if necessary. Even the costs of parts 

and labor may be included. Send for our free booklet. Westinghouse 
X-Ray Division, 2519 Wilkens Ave., Baltimore, Md. 21203. 4.08457 


You can be sure if it's Westinghouse: ( $ 
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The complexity of a modern Radiographic We'll be glad to send you a free copy ol 
and Fluoroscopic System demands the atten- newbooklet ‘‘Westinghouse Sentinal Servi 
tion of men with the highest degree of tech- with detailed information about our plai 
nological skill. Westinghouse Service Special- program of equipment care. Write us, wit 
ists are trained to maintain ard repairtoday’s obligation: Westinghouse X-Ray Divis 
most sophisticated equipment. 2519 Wilkens Avenue, Baltimore, Md. 


The Westinghouse Professional Commitment to Radiology at work for 
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Superior performance to satisfy Multiple Diagnostic Criteri 


e Smooth, even coating in stomach, small 
bowel and colon 


; f e Pleasing mild mint flavor 
e Mixes well with all G.I. secretions 


ə Non-drying or flaking 


e Practically all stomach acids neutralized e Does not precipitate or glutinate in stomac 


e Non-foaming action e Minimizes pylorospasm 


Distributed by General Electric and available through your local G.E. x-ray representative. 


Progress /s Our Most /mportant Product 


GENERAL QA ELECTRIC 


AMERICAN LECTURES || - 


IN 
ROENTGEN DIAGNOSIS 


SPECIAL PROCEDURES IN 
ROENTGEN DIAGNOSIS by 


Samuel L. Beranbaum, St. Bar- 
nabas Hosp., New York City, and 
Phillip H. Meyers, Tulane Univ., 
New Orleans, °63, 628 pp, $21.75 


RADIOGRAPHY OF IN- 
FANTS AND CHILDREN by 
Donald B. Darling, Univ, of 
Pittsburgh. With the technical 
assistance of James M. An- 
thony, Children’s Hosp. of Pitts- 
burgh. 62, 212 pp. (9 x 12), 456 
il, 79 tables, $16.50 


MAMMOGRAPHY by Robert 
L. Egan, The Methodist Hos- 
pital of Indiana, Indianapolis. %64, 
430 pp. (84% X 11), 355 il, 42 
tables, $25.50 


CASE OF THE DAY by Ban- 
jamin Felson and Jerome F. 
Wiot, both of Univ. of Cincin- 
nati, Jan. “67, about 128 pp. 
about 100 iL 


THE TRAIL OF THE INVISI- 
BLE LIGHT: From X-Strahlen 
to Radio(bio)logy by E. R. N. 
Grigg, Cook County Hosp, Chi- 
cago. "63, 1.016 pp. (8% x 11), 
1,404 figs., $36.75 


THE COMMON BILE DUCT: 
Operative Cholangiography, 
Biliary Endoscopy and Chole- 
dochelithotomy, by Clarence J. 
Schein, Wilhelin Z. Stern, and 
Harold G. Javebson. All of 
Montefiore Hospital and Medical 
Center, New York City. Sept. 66, 
304 pp, 386 ily (16 in color), 
$22.50 


Edited by 


LEWIS E. ETTER, M.D. m 
Professor of Radiology 

Fall: Clinic, School af Medicine 
University of Pittsburgh 


CLINICAL ROENTGENOL- 
OGY OF COLLAGEN DIS- 
EASES by Charles M. Nice, Jr., 
Tulane Univ. Jan. “66, 216 pp. 
134 il., $10.75 


ILLUSTRATIVE CRANIAL 
NEURORADIOLOGY by Al- 


fred L. Sehmitz, Univ. of Cali}. 


at Los Angeles; Samuel B. 
Haveson, (/niv. of Southern 


Calif, Los Angeles: and Dauke 
Hanna, Daniel Freeman Me- 
morial Hosp, Inglewood, Calif. 
April 67, about 414 pp. 814 X 
il}, about 532 il. (1 in color) 


THE CHEST FILM IN MAS. 
SIVE PULMONARY EMBOL- 
ISM by Daniel J. Torrance, 
Jr., The Johns Hopkins Univ., 
Baltimore. '63, 88 pp. (8% « 11), 
76 iL, $6.75 


CLINICAL RADIOISOTOPE 
SCANNING by Yen Wang, Uni- 
versity of Pittsburgh. Mar. °67, 
about 336 pp, about 280 il, 8 
tables 


INTRAVENOUS CHOLANGL 
OGRAPHY by Robert E. Wise, 
The Lahey Clinic, Boston, Mass. 
62, 160 pp, (84% X 11}, 121 il, 


$9.50 
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4 Important Contributions to the Literature 
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by Lewis E. Etter 


ATLAS OF ROENTGEN ANATOMY OF THE 


SKULL (2nd Ptg). ‘64, 232 pp. (8% x 11), 239 


il, $18.50 


T GLOSSARY OF WORDS AND PHRASES USED 
IN RADIOLOGY AND NUCLEAR MEDICINE. 
60, 224 pp., 2 iL, $8.50 


© ROENTGENOGRAPHY AND ROENTGENOL- 
OGY OF THE MIDDLE EAR AND MASTOID 
PROCESS. ’65, 168 pp. (814 x 11), 157 il, $9.75 


(] THE SCIENCE OF IONIZING RADIATION: 
Modes of Application. 804 pp, 29 tables, $26.50 


CHARLES C THOMAS ¢ PUBLISHER , 301-327 Eas 
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